I9GYS 


4 


x 


A MONTHLY MAGAZINE OF INFORMATION ON THE WORK 
AND DEVELOPMENTS OF BELL TELEPHONE LABORATORIES 


CONTENTS OF THIS ISSUE 
Chemically Stabilized Paper Capacitors, D. A. McLean 


Historic Firsts: Zero-Temperature-Coefficient Quartz Crystals . 
A Volume Limiter for Leased-Line Service, J. A. Weller . 
Excerpts From the A. T. & T. Annual Report 


A Pentode for the Battle Front in Three Days . 


Measurement of Small Motions, Gordon F. Hull, Jr. . 


Impedance Bridge With a Billion-to-One Range, H. T. Wilhelm 


A Cathode-Ray Bridge Detector, FE. H. Eveland . 


* 
x * 


Published monthly by BELL TELEPHONE LABORATORIES, INCORPORATED; 
Paul B. Findley, Editor; Philip C. Jones, Science Editor; R. Linsley 
Shepherd, Associate Editor; Mary Ellen Wertz, Women’s Editor; Leah E. 
Smith, Circulation Manager. Subscriptions, $2.00 per year. Address: Bell 
Laboratories Record, 463 West St., New York 14, N. Y. Printed in U. S. A. 


NAyy’ 
70 
. . 72 
76 
389 


BELL LABORATORIES 


MARCH 1945 


VOLUME XXIII 


RECORD 


NUMBER III 


Chemically Stabilized Paper Capacitors 


By D. A. McLEAN 
Chemical Laboratories 


APER-insulated capacitors are used 

extensively in military equipment and 

frequently under more severe tempera- 
ture and voltage conditions than they en- 
counter in telephone use. Long before the 
war the problem of extending the service life 
of these capacitors had been under investi- 
gation by the Laboratories. One develop- 
ment, the addition of a small amount of 
anthraquinone to the impregnant with which 
the paper is treated, has greatly extended 
the life of capacitors. 

Among the impregnants suitable for satu- 
rating the paper, chlorinated diphenyl and 
chlorinated naphthalene have been used ex- 
tensively. They resist oxidation and thermal 
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decomposition, have high dielectric con- 
stant, compared with mineral oil, and good 
electrical properties. When operated at room 
temperatures, capacitors with paper dielec- 
trics impregnated with these chemicals have 
a satisfactory life. At high direct-current 
potentials, however, and at temperatures 
from 50 to 100 degrees C., which are common 
in much modern equipment for our Armed 
Forces, rapid degradation of the dielectric 
material results. 

The Laboratories discovered that there 
are a number of compounds which substan- 
tially increase the life of capacitors on ac- 
celerated direct-current tests, when added 
in small amounts to the chlorinated im- 
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pregnant. These stabilizers also maintain the 
leakage current during tests at low and rela- 
tively stable values in contrast with the 
rapidly increasing leakage current in un- 
stabilized capacitors. Among the stabilizers 
used, the quinones were the most satis- 
factory and of them, anthraquinone was 
chosen for commercial use owing to its high 
effectiveness, ready availability in pure 
form, low volatility and lack of toxicity. 

Although kraft wood pulp is used almost 
exclusively for capacitor paper in this 
country, linen paper has been used in many 
of the experiments on stabilizers because its 


very poor performance with unstabilized — 


impregnants makes it a very sensitive indi- 
cator of the effectiveness of a stabilizer. 
Figure 1, for example, illustrates the effect of 


Fig. 2—Corrosion pattern on 
aluminum anodes taken from 
capacitors after test. Same ca- 
pacitors as A and B of Figure t. 
Taken with artificial light which 
struck the aluminum at a 
glancing angle. These showed 
marked corrosion while those 
from a stabilized sample showed 
only a slight haze despite the 
greater severity of the test 
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Fig. 1—Fluorescent areas in 
paper taken from capacitors next 
to the cathode after accelerated 
aging tests using chlorinated 
naphthalene impregnant and two 
layers of 0.4-mil unbleached 
linen paper. (A) No Stabilizer. 
Aged at 100 degrees C., 120 
volts direct-current, for 245 
hours. (B) No Stabilizer. Aged 
at 100 degrees C., 120 volts 
direct-current, for 670 hours 


anthraquinone on the deterioration of linen 
paper in capacitors subjected to direct-cur- 
rent voltage at high temperatures. These 
photographs were taken with ultraviolet 
light, previous experiments having shown 
that it causes decomposed areas in capacitor 
paper to fluoresce. Following the continuous 
application of voltage for the periods indi- 
cated, the pieces of paper shown were freed of 
impregnant by solvent extraction, mounted 
on a card and photographed simultaneously 
on one film. The photographs show the 
marked deterioration which occurred under 
the conditions of test when unstabilized 
chlorinated naphthalene wasused. Paper from 
a capacitor stabilized with 0.5 per cent by 
weight of anthraquinone in the impregnant 
showed no visible deterioration, even though 
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the voltage was twice as high and the time 
much longer. The two papers illustrated in the 
photographs were visibly browned and em- 
brittled in the fluorescent areas, whereas the 
one treated with anthraquinone was not 
obviously different in color and flexibility 
from unused paper. 

Corrosion of the positive electrode from 
the same unstabilized test capacitors is 
shown in Figure 2. Whereas these were 
markedly corroded, those from a stabilized 
sample showed only a slight haze despite 
the greater severity of the test. These photo- 
graphs were taken with artificial light 
which struck the aluminum surface at a 
glancing angle. 

Further evidence of the diminution of 
electrode corrosion by anthraquinone was 
obtained by using capacitors in which the 
electrodes consisted of thin aluminum films 
evaporated on kraft paper before the unit 
was wound. In these capacitors, a small 


~ 300 VOLTS, : 


Fig. 3—Prevention of de- 
terioration of evaporated 
aluminum electrodes by an- 
thraquinone. Photographed 
by transmitted light. The 
electrodes are intact in stabi- 
lized samples, despite the 
greater severity of the tests 


500 VOLTS, 495 HR.T 


amount of corrosion of the electrodes en- 
tirely consumed the aluminum. Capacitor 
windings made with this paper were dried 
and impregnated in the usual manner and 
subjected to voltage while held at 100 de- 
grees C. The impregnating compound was 
then extracted and portions of the paper 
were photographed by transmitted light to 
show holes produced by the corrosion. The 
positive electrode, as shown in Figure 3, was 
rapidly attacked in the unstabilized capaci- 
tors and eventually even the negative elec- 
trode gave some evidence of deterioration. 
After testing for 240 hours at 300 volts, 
the anode was very largely destroyed. In 
contrast, the stabilized samples tested under 
the same conditions showed no detectable 
attack of either electrode in 1,000 hours, nor 
in 495 hours at 500 volts. 

Suppression of degradation of the dielec- 
tric and corrosion of the electrodes through 
chemical stabilization with anthraquinone 


Fig. 4--Effect of various con- 


centrations of anthraquinone on 
the leakage current and life of 


> CHLORINATED 
NAPHTHALENE 


paper capacitors which contain 


chlorinated naphthalene. 100 de- 
grees C., 350 volts direct-current, 


two layers of 0.4-mil linen paper 
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Fig. § — Conductance - time 
curves at constant direct-current 
potential at 100 degrees C. Lower 
graph, 400 volts direct-current, 
upper graph, 500 volts direct- 
current, two layers of 0.4-mil 
kraft paper. Kraft paper ca- 
pacitors, when fortified with an- 
thraquinone, are superior in 
performance to stabilized linen 
paper capacitors 
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Fig. 6—Temperature-life rela- Lat 
tionship of stabilized and un- 
CHLORINATED NAPHTHALENE 
stabilized capacitors at 400 + ANTHRAQUINONE 


volts direct-current, two layers of 
0.4-mil kraft paper. T is abso- 


lute temperature. Improvement 
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due to adding anthraquinone 
is somewhat greater the higher 
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Fig. 7 — Voltage-life relation- 
ship at 100 degrees C. over the 
range 400 to 800 volts direct-cur- 
rent, two layers of 0.4-mil kraft 
paper. Dependence of the life of 
capacitors on voltage is as im- 
portant to the design engineer as 
its dependence on temperature 
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is reflected in longer life and more stable 
leakage current, as is shown in Figure 4. 
When a linen paper capacitor impregnated 
with chlorinated naphthalene is subjected to 
continuous direct-current voltage at 100 de- 
grees C., the leakage current rises rapidly. 

Within a very few hours a failure develops 
which completely short-circuits the elec- 
trodes at some point. With o.1 per cent 
anthraquinone in the impregnant, the cur- 
rent rises less rapidly, and the life is in- 
creased by about tenfold. Increasing the 
amount of stabilizer to the range of one-half 
to four per cent produces a relatively stable 
leakage current. The life is then about 
one hundredfold as great as when no stabi- 
lizer is employed. On the basis of these and 
other results, a minimum of 0.5 per cent is 
recommended for commercial use. 

Kraft . Paper exerts a stabilizing action of 
its own* and consequently kraft paper ca- 
pacitors, when fortified with anthraquinone, 
are superior in performance to stabilized 
linen paper capacitors. The stabilizing ac- 
tion of anthraquinone on kraft paper ca- 
pacitors is shown in Figure § for 100 degrees 
C. and two voltages, 400 volts and 500 volts. 

An important consideration for the design 
engineer is the effect of temperature on the 
life of paper capacitors. This relation for 
stabilized and unstabilized paper capacitors 
with kraft paper dielectrics is shown in Fig- 
ure 6. Improvement due to adding anthra- 
quinone is somewhat greater the higher the 
temperature. A straight-line relationship on 
this plot is characteristic of chemical reac- 
tions. This and the fact that the slope is of 
the right order of magnitude constitute evi- 
dence that the deterioration and failure are 
predominantly chemical phenomena. 

Dependence of the life of capacitors on 
voltage is as important to the design engi- 
neer as its dependence on temperature. To 
estimate the voltage effect, the equation, 
Life=/v" where v is the voltage and a and n 


*Recorp, February, 1943, p. 136. 
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are constants, has been used. In Figure 7 
are plotted data on the life of stabilized 
and unstabilized paper capacitors as a func- 
tion of voltage. They fit the above relation- 
ship within the experimental error. The 
value of n is between 4 and 6. 

The, large stabilizing effect of anthra- 
quinone in kraft paper capacitors which 
contain chlorinated impregnants is shown by 
Figures 6 and 7. The former indicates that 
the stabilized capacitors have an accelerated 
life performance equivalent to that shown by 
the unstabilized materials at 30 degrees C. 
lower temperature; the latter that stabilized 
samples at 700 volts d-c are about the 
equivalent in life of unstabilized samples at 
400 volts d-c. 

Anthraquinone has been used for several 
years to stabilize all Western Electric ca- 
pacitors impregnated with chlorinated naph- 
thalene and chlorinated diphenyl. As an aid 
in the prosecution of the war, the Western 
Electric Company has made its informa- 
tion on anthraquinone available to other 
capacitor manufacturers, several of whom 
have adopted this method of improving ca- 
pacitor performance. 


Historic Firsts 


ZERO- TEMPERATURE-COEFFICIENT QuaARTZ CrysTALs 


LTHOUGH quartz is stable compared 

to most substances, the natural fre- 
quency of vibration of a quartz plate varies 
slightly with a number of factors—chiefly 
temperature. Early studies showed that at 
any operating temperature, variation in 
frequency with departure from this tem- 
perature depended on the manner in which 
the crystal plate was cut with reference to 
the major axes of the original crystal, and 
also on the relative dimensions of the plate. 
For some directions of cut the temperature 
coefficient of frequency was usually positive 
and for others it was negative, and the 
magnitude as well as the sign of the co- 
efficient varied. A particular frequency, 
moreover, may be the effect of two or more 
different modes of vibration, such as a longi- 
tudinal and a transverse, or a longitudinal 
and a flexure vibration. 

Recognizing these facts, W. A. Marrison 
conceived the idea of so cutting the plate 
that at the desired temperature one mode of 
vibration would have a positive coefficient 
and the other a negative, and of then di- 
mensioning the plate so that the effect of the 
positive coefficient of one mode was equal 
and opposite to that of the negative co- 
efficient of the other, thus giving a net tem- 
perature coefficient of approximately zero in 
the vicinity of the operating temperature. 
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He carried out a series of experiments in an 
effort to secure such a zero-temperature- 
coefficient crystal, and as a result obtained 
the crystal shown above. An application in 
December, 1928, resulted in Patents Nos. 
1899163 and 1907425, 6, and 7. Over a small 
range of temperature, the crystal has a co- 
efficient of less than one part in a million 
per degree Centigrade, and at one tempera- 
ture the coefficient is zero. Such a crystal 
was at once incorporated in the Laboratories 
frequency standard,* replacing the original, 
which had a temperature coefficient of 
about four parts in a million per degree C. 

During the following years, other zero- 
temperature-coefficient crystals were ob- 
tained, and a number of them have been 
widely used for controlling the frequency of 
carrier telephone systems and radio trans- 
mitters. Although differing in many of their 
characteristics, all of these crystals were 
alike in having a zero temperature coefficient 
at only one temperature—both above and 
below this temperature the coefficient in- 
creased either positively or negatively. 
Temperature control was needed to main- 
tain the crystal close to the temperature of 
zero coefficient for high precision. 

Just how many of such zero-temperature- 
coefficient cuts were possible, what the 


*Recorp, March, 1944, p. 
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other characteristics of each such possible 
cuts would be, and whether or not a zero 
temperature coefficient could be obtained 
over a wide range of temperature, could be 
determined only by extensive experiment or 
by a mathematical study of the complete 
vibrational behavior of quartz. To express 
the temperature coefficient of a single mode 
of motion requires a set of equations in- 
volving some 12 constants and three angular 
variables. A general study of the tempera- 
ture coefficients for all angular orientations 
was undertaken and successfully carried out 
by W. P. Mason. As one result of this 
work, he found that by cutting the plate in a 
way that corresponded to a double rotation 
around the crystal axes, and taking ad- 
vantage of couplings between vibrations 
with positive and negative temperature co- 
efficients, plates could be obtained with 
essentially zero temperature coefficients over 
a wide range of temperature. Such a plate 
that has proved very useful has since been 
called the GT cut. A patent application was 
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filed in December, 1937, and Patent No. 
2204762 was issued to Dr. Mason on June 
18, 1940. For the temperature range from 
© to 100 degrees C., this crystal maintains 
its frequency constant to one part in a mil- 
lion, and over a range of 30 degrees C., in 
the neighborhood of ordinary room tem- 
peratures, the frequency does not change by 
more than one part in ten million. Such 
crystals are now used in the Laboratories’ 
Frequency Standard, and in the National 
Bureau of Standards. 

As a result of the studies of Dr. Mason 
and others in these Laboratories, the field 
of low-temperature-coefficient crystals has 
been widely explored, and the angle of cut 
and the dimensions required to secure zero 
temperature coefficients for a wide range of 
operating conditions are now known. Not 
only can zero temperature coefficients be 
secured over a wide range of both frequency 
and temperature, but the range in which the 
zero coefficient appears may be changed to 
meet a wide variety of applications. 
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“T urge that you sustain the high morale and fighting spirit of our person- 
nel on the lonely islands and atolls of the Pacific and aboard ships at sea. 
If you could observe how eagerly all hands look forward to letters from 
home, or the cruel disappointment of those left out when mail is distributed, 
yout would realize what a lift to the human spirit may be contained in a half- 
ounce envelope. Out here we regard mail as being of such help to morale 
that we establish post offices in LST’s near the scene of amphibious 
operations, and try to get mail ashore even while beachhead fighting is still 


going on.” 


From a broadcast by 


March 1945 


ApmiraAL CHESTER W. Nimitz. 
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A Volume Limiter for Leased-Line Service 


By J. A. WELLER 


Transmission Engineering 


PAIR of wires carrying rapidly vary- 
ing current radiates electro-magnetic 
energy that induces similarly varying 

current but with lesser intensity in all other 
circuits in the vicinity. This is the source of 
crosstalk that in all communications circuits 
must be kept below objectionable limits. 
To avoid it, a number of precautions must 
be taken. One preventive measure always 
employed is to maintain the current in all 
telephone circuits between fixed upper and 
lower limits. All Bell System circuits are de- 
signed with these limitations in view, but 
certain leased channels may have apparatus 
connected to them that is neither owned nor 
operated by the Bell System. The sub- 
scriber may maintain some form of volume 
control, but it may not prevent excessive 
current at times, and for certain types of 
circuits, such as those connected to police 
radio receivers, for example, the situation is 
inherently difficult. If the radio receiver is 
adjusted not to have too great a volume 
when the transmitter from which it is re- 
ceiving is nearby, the speech may be in- 
audible from more distant transmitters, 
while if the volume is adjusted for the dis- 
tant transmitter, it will be too high for a 
nearby transmitter. 

With the inauguration of our national de- 
fense program, a large number of circuits 
were leased to the Army for connection to 
radio receivers used for airplane-to-ground 
communication. To permit 


level toa maximum of +8 vu* for all input 
levels up to +35 vu, and does not introduce 
noticeable distortion. It is directly operated 
by the power of the speech signal, and thus 
no outside source of power is required. This 
circuit introduces a small loss in the circuit 
for low input levels, and automatically in- 
creases this loss for high input levels, so 
that the output is never more than +8 vu. 
For inputs from +15 to +35 vu, this device 
provides practically constant output. It is 
thus evident that in addition to preventing 
excessive levels, the limiter will provide 
constant level on the line, and thus to the 
receiving end, for a large range in input 
levels. 

This new volume limiter is essentially a 
hybrid coil arrangement as shown in the 
circuit schematic of Figure 1. Here the input 
line is connected to a transformer with 
balanced output windings. Thus the signal 
is divided into two paths, and then continues 
through these two paths to a similar trans- 
former connected to the output line. It will 
be noticed that one of the secondary wind- 
ings of the output transformer is reversed so 
that the currents of the two paths introduce 
opposing currents in the output line. If there 
were equal resistance in the two parts, there 
would be no output signal possible because of 
the equal and opposing currents in the line. 
At low volume levels, however, the resist- 


*RecorbD, June, 1940, Pp. 310. 


HIGH RESISTANCE PATH 


these receivers to provide good a 

transmission whether the 

planes are near or distant, it 

was very desirable to adjust 

the receiver for the weakest 3 

output signal and then to pro- 

vide a volume limiting device 
that for stronger signals would 6 


limit the volumes to satis- 


factory values. To meet this 
need, a volume limiter was de- 
veloped that holds the output 
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Fig. 1—Simplified circuit schematic of the volume limiter 
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INPUT (600w) IN VU 
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Fig. 2—Input-output characteristic of the 
volume limiter 


ance in one path is very low and that in the 
other is very high. In this condition most of 
the signal current passes through the low- 
resistance path. The bridge arrangement is 
unbalanced, and the circuit introduces very 
little loss in the line. At input levels in the 
limiting range, the resistances in the two 
paths change to approach a common value. 
This tends to balance the bridge, and more 
loss is introduced into the line. The variation 
of resistance is so designed that the change 
in loss is approximately equal to the change 
in input level, which results in fairly con- 
stant output. 

The elements responsible for the change in 
loss are non-linear resistances that varv in 
resistance with the input volume. A ther- 
mistor in one branch of the network pro- 
vides the high resistance, while two 


assumes a more or less constant volume of 
+8 vu. This output characteristic is slightly 
affected by ambient temperature in the 
limiting range of inputs up to +25 vu. Thus 
higher temperatures cause a lower level, 
and lower temperatures, a higher level in the 
output characteristic. This is due primarily 
to the thermistor resistance, which is 
actually dependent on the temperature. 
The current passing through the thermistor 
is the main source of energy to heat the 
element. At low current values, however, the 
ambient temperature modifies the current 
effect slightly. The lamps are not appreci- 
ably affected by ambient temperature, be- 
cause the resistance changes only at high 
temperatures. 

The action of the variable elements of the 
circuit, as the input level varies, is evident 


from Figure 3, which shows the change of 


resistance for each path and the output 
characteristic. A logarithmic ordinate scale 
is used to include the total range of the 
thermistor resistance, which is very wide— 
from 5,000 ohms to 20 ohms. It will be no- 
ticed that the resistances approach a common 
value of about 500 ohms at the maximum 
input level. The thermistor makes the 
greatest change and consequently is _re- 
sponsible for the major portion of the 
limiter action. The resistance values indi- 


tungsten lamps in the second path ps 

furnish the low resistance. The re- 4000 

sistance of the thermistor de- 

creases rapidly with increasing 

current, while the resistance of the w 2000 

lamps increases with increasing z 

current. For each input level in _ ae 

the limiting range, there is a par- 00 

ticular equilibrium condition of re- . 

sistances to which the circuit soon “ 500 rs ‘ 5 > 

adjusts itself. The output is thus @ 400 erreur 1s 

eventually brought to a common © 300 a 35 

level regardless of the previous in- "RESISTANCE. © 
200 

put level, whether it was above or Ss 

below this new level. 

The input-output characteristic 100 , 
for this device is shown in Figure 2, 8 Oe 


where it will be noticed that at low 
volumes, the insertion loss of the 
limiter is 5 db. At an output level 
of about +5 vu, the output starts 
to level off, and with higher inputs 
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INPUT IN VU 


Fig. 3—Variation in resistance of the two branches of the 

limiter as the input varies, together with an output curve 

with the output in vu given at the right. Reststances 
approach a common value at maximum input level 
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cated are not those of the limiter and lamps 
themselves, but of the complete branches, 
which include also shunt and series resist- 
ances. These latter are selected so that the 
overall change in resistance will be such as 
to give the output desired. 

An essential feature of this limiting device 
is that the loss it introduces in a circuit is 


RESISTANCE 
LAMPS 
WV 
REPEATING COILS 


THERMISTOR 


Fig. 4—Circuit of volume limiter drawn to 

show manner in which modifications may 

be made to pass direct-current or low-fre- 
quency signaling 


not significantly affected by normal voice 
variations in the speech pattern, but follows 
the general level or average trend of speech 
volume. Such action is secured primarily by 
the delay characteristic built into the 
thermistor. As a result of this delay, the cir- 
cuit does not immediately adjust its loss to 
changes in input level in the limiting range; 
the time for adjusting depends on the magni- 
tude of change of the applied level. For a 
small increase in input level, the output 
first increases in proportion, but soon begins 
to drop, and approaches the limiting level. 
For the larger increases in input level, the 
rate of adjustment is faster, and the total 
time for adjustment is less. The rate of ad- 
justment is also faster for high inputs, be- 
cause the temperature of the thermistor 
element is higher then, and thus heat dissi- 
pation is faster. This adjustment charac- 
teristic is such that the device lags at the 
beginning of a change, then increases rapidly 
in rate of change, and finally slows down to 
gradually taper off to an equilibrium condi- 
tion. When speech level is reduced, the loss 
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of the circuit decreases at a somewhat slower 
rate because this is a cooling operation for 
the thermistor. The time for the device to 
adjust the output to within 1 db of steady 
condition varies on the average from I to 4 
seconds—the longer adjustment time oc- 
curring for small changes in level. As the 
circuit is designed at the present time, it is 
not possible to attenuate high-level peaks 
of short duration. 

A circuit that is too fast would follow the 
syllabic variations of the signal and would 
cause distortion, while one that is too slow 
could not follow sudden and extreme changes 
in level quickly enough to prevent overload 
or loss of signal in the output. Some com- 
promise has been necessary. The circuit 
elements were selected and designed to 
provide as fast adjustment response as pos- 
sible without introducing noticeable distor- 
tion from non-linear action in the high-input 
region of the limiting range. 

The frequency response of the limiter is 
relatively flat, having less than 2 db varia- 
tion from 200 to 8,000 cycles per second at 
low input levels. At higher input levels this 
characteristic is improved slightly because 
the coil losses are balanced out in the limit- 
ing range. The 1,000-cycle input and output 
impedances vary with input from 1,100 to 
700 ohms. By using specially designed 
thermistor and lamps, it would be possible 
to have constant impedance, but, with the 
lamps available, the major operation is 
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accomplished by the thermistors with the 
resulting impedance characteristic. 

To show more readily certain modifica- 
tions that may be made in the limiter, its 
circuit is drawn in slightly different form in 
Figure 4. Terminals 3 and 8 of each of the 
repeating coils are normally strapped to- 
gether as indicated. If it is desired to pass 
d-c or low frequency signaling through the 
device, however, a number of alternative 
arrangements are possible. By removing the 
strap between 3 and 8 and by connecting 
the two No. 3 and the two No. 8 terminals 
together and bridging a condenser as indi- 
cated in dashed lines, the limiter will pass 
d-c and low frequency signals without limit- 
ing. This center tap circuit is also a con- 
venient location for response-shaping net- 
works, which are sometimes desirable. Other 


limiter circuits have since been designed 
which have slightly different network con- 
figurations and do not require transformers, 
but they all use thermistors as the basic 
operating element. The hybrid coil limiter 
operates on relatively high volumes, the 
design of which was facilitated by the de- 
velopment of non-linear elements of proper 
power sensitivity. More sensitive ther- 
mistors and lamps—that is, elements which 
change in resistance at lower power inputs 
—have permitted the design of volume lim- 
iters that find use in other audio circuits 
where constant volume is required but where 
the volume level is comparatively low. It is 
expected that the extension of volume lim- 
iter circuits will follow the development of 
non-linear elements of the thermistor and 
tungsten resistance lamp type. 
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International News Photo 

This concentration of Spiral-4 and other field cable is representative of the 

enormous quantities of communications equipment which have poured across 

the English Channel since D-day. There are enough cables here to provide 

circuits for a good-sized town, if each of the Spiral-4 cables were equipped 
to handle its complement of three telephone and four telegraph circuits. 
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Excerpts From A. 


& T. Annual Report 


the Nation continued in 1944 to match 
the forward march of America’s war power 
and the amount of telephone service pro- 
vided by the Bell System in the third full 
year of war stood at new high levels at each 
quarter of the year. 
* * * 

Bell Telephone Laboratories has con- 
tinued to devote its efforts almost wholly to 
the needs of the fighting services. It now em- 
ploys about 8,000 persons and has nearly 
$00 active military projects. About 55 per 
cent of its war work has been for the Army, 
about 35 per cent for the Navy, and about 
10 per cent for the Office of Scientific Re- 
search and Development. Not only has the 
Laboratories developed war communica- 
tions equipment, both wire and radio, but 
it has also made notable contributions in 
radar, submarine warfare, rocket design, 
electrical computers, electronic tube de- 
velopment and in other fields which cannot 
be divulged at present. . . . Devotion to the 
war effort has not left much opportunity for 
the Laboratories to work on post-war proj- 
ects. However, it is possible now to do some 
forward looking in the light of fundamental 
developments that have been accelerated by 
the war. An outstanding instance is the 
progress made in utilizing very short radio 
waves.... While the communications possi- 
bilities of microwaves still await final proof 
and economic evaluation, they appear very 
promising and their use is being explored as 
a supplement or alternative to wires and 
cables for telephone and television trans- 
mission. For this purpose, the Bell System 
has obtained experimental licenses to test a 
radio relay system between New York and 
Boston. 

* * * 

Sales of the Western Electric Company, 
including its subsidiaries, largely exceeded 
in 1944 the sales of any previous year and 
amounted to $926,851,000, an increase of 
30 per cent over 1943. Of these sales, 
$788,860,000 were to the United States 
Government and represented 85 per cent 
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of the total, compared with $596,112,000, or 
83 per cent in the previous year. At the 
close of the year, the backlog of unfilled 
Government orders was $747,000,000. 

* * * 

The intensive program for extending 
service to farm families, which was being 
carried on before the war, will be resumed 
as quickly as possible. Rural telephone serv- 
ice in this country is already more highly 
developed than in any other. Despite this, 
the telephone industry would like to see 
many more farms with telephones. To bring 
this about, the Bell System has developed 
important new facilities and methods. High- 
strength steel wire, permitting longer dis- 
tances between poles, reduces the cost of 
extending lines into areas not previously 
covered. A method of sending telephone 
messages over rural electric power lines was 
under development by Bell Telephone Lab- 
oratories before the war and it is clear that a 
successful system can be produced. 

* * * 

The Bell System has pioneered in tele- 
vision and has made important contribu- 
tions to this new art just as it has to sound 
broadcasting. It expects to play an active 
role in bringing television to the American 
public after the war by providing facilities 
over which television programs can be trans- 
mitted throughout the entire country. 
Standard telephone wires with suitable 
equipment are now used successfully for 
transmitting high-quality television pictures 
over short distances. Coaxial cables are 
also suitable for nation-wide television net- 
works and the System is planning to con- 
struct several thousand miles of such cable. 
The projected radio relay system between 
New York and Boston will also be tested to 
determine the possibilities of this method 
for television transmission. 

* * * 

Present indications are that there will be 
a heavy increase in demand for overseas 
telephone service following the war, fe- 
quiring new direct circuits as well as addi- 
tional circuits over existing routes. . 
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Domestically, radio will probably be used in 
increasing amounts for bridging water 
barriers and reaching isolated communities. 
By using relay stations at intervals, micro- 
wave radio may also be employed for long 
distance transmission of telephone conver- 
sations, sound programs and television. 

Other prospective new uses of radio by the 
Bell System include service to trucks, buses 
and other automotive vehicles, both in cities 
and on highways, to farmers and others in 
remote and sparsely settled areas and to 
moving trains and airplanes. Increased use 
of radio in furnishing ship service and to 
expedite restoration of wire service inter- 
rupted by storm or disaster is also likely. 

* * * 

During three years of war the Nation has 
needed, and has obtained, telephone com- 
munication far beyond any previous re- 
quirement. This is a telephone-run war from 
factory to foxhole and, as the struggle has 
increased in scale and intensity, the need for 
the vital services performed by the Bell 
System has increased accordingly. The 
System has met all war demands upon it 
and will continue to do so. 

There is every likelihood that these de- 
mands will be even heavier in the future 
than they have been in the past. Fortu- 
nately, the System has the organization, 
experience and resources to perform what- 
ever war service it may be called upon to 
render. Its physical plant is incomparable 
in size and quality. The men and women 
who provide the service are alert, competent 
and courteous. The management, which has 
risen from the ranks, is trained and ex- 
perienced. Bell Telephone Laboratories and 
the Western Electric Company, research and 


manufacturing branches of the System, 
respectively, are able to design and produce 
great quantities of communication and elec- 
tronic apparatus for war, just as, in normal 
times, they have steadily improved the 
telephone art and assured to the Bell Tele- 
phone Companies a continuous supply of 
standard equipment of the best quality. 

The Bell System is able to meet all war 
demands promptly and to make an effective 
contribution to victory because it has had 
full freedom, under regulation, to develop 
its human and material resources in the 
public interest. Although earnings on in- 
vestment in the war years have been low, 
on the average over a long period of time 
the System has been allowed to earn enough 
to pay good wages and a return on the 
money invested in the business sufficient to 
enable it to attract the new capital needed 
to expand and improve the service. The 
System’s ability to render a more extensive 
and continuously improving service after the 
war will depend largely on regulatory 
authorities continuing to permit the tele- 
phone business to earn enough so that those 
with capital to invest will want to put it into 
this industry. The same factors that have 
operated to give this country in time of 
peace the best telephone service in the world 
have also created a communications system 
that has fully met the test of war. They 
will be no less important in the years ahead. 

Today, and every day until the war is 
won, the people of American can rely on the 
Bell System to do everything in its power to 
speed the final victory. 


For the Board of Directors, 


Wa rer S. Girrorp, President. 


AMERICAN PuysIcaL SOCIETY 


Harvey Fletcher, Director of Physical Research, has been elected 
President of the American Physical Society for the 1945 term. 
One of the foremost authorities on speech and hearing, Dr. 


Fletcher directed the Laboratories’ pioneering w 


work in this field. 


His book ““Speech and Hearing” is a classic, and he is author or 
co-author of numerous professional papers on various acoustical 
subjects. He is a member of the National Academy of Sciences and 
was the first president of the Acoustical Soctety of America. 
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evening last December a mes- 
senger hurried into the Empire State 
Building and delivered a package to the 
local Office of Scientific Research and De- 
velopment, meeting a deadline by less than 
five minutes. That night the package went 
to LaGuardia Field to be flown to Europe. 

In this package were replicas of a foreign 
vacuum tube which had never before been 
made in this country. A  cathode-type 
pentode, made by Siemens Halske, the 
original was different from any known 
American tube not only in electrical char- 
acteristics and in heater voltage but also in 
the dimensions of the bulb and base and in 
the disposition of the pins; moreover, as is 
common in Europe, the bulb was sprayed 
with metal for purposes of electrostatic 
shielding. Yet the Laboratories designed and 
the Western Electric Tube Shop made eight 
replicas of this tube in three days. 

This tube is used in German-type re- 
peaters in strategic telephone communica- 
tions which the enemy abandoned during 


78 


A PENTODE FOR THE BATTLE 
Front IN THREE Days 


their retreat in France and Belgium. Except 
that nearly all the tubes had been removed, 
these repeaters were substantially intact and 
usable. So when an OSRD official returned 
from Europe, he brought a sample tube and 
an urgent request from one of the generals 
for 1,000 duplicates at once. 

Late one afternoon the sample tube was 
brought to the Laboratories. The job ap- 
peared feasible. So working late that night, 
engineers roughed out the design of a tube 
which would duplicate the characteristics 
of the German tube and which could be 
made by combining a new grid with parts 
of our carrier-repeater tubes that were 
available in stock. 

Other engineers obtained the nearest-size 
bulbs, redrilled the holes in available 
American bases, obtained proper sized pins, 
had grids made, and collected the necessary 
other parts. Next day the tube design was 
completed and the bases were ready. Two 
days later the assembled tubes started 
coming in from the Tube Shop for final 
processing and testing at the Laboratories. 
Electrically and mechanically the models 
substantially duplicated the German tube. 
The electrostatic shielding of the tube de- 
rives from a metal coating which is deposited 
by spraying molten particles of metal. The 
wire appearing on the outside connects the 
shield to the base and, internally, to one of 
the pins. 

In the meantime, the Tube Shop started 
production of 1,000 tubes. The Westinghouse 
Electric and Manufacturing Company con- 
tributed by supplying the tube bases, which 
they made by utilizing an available mold 
quickly modified to meet the design require- 
ments. Within three weeks the entire lot of 
pentodes had been delivered. Equipped with 
these tubes, the repeaters worked. 

The following telegram, dated December 
26, 1944, was received from Dr. Vannevar 
Bush, Director of the OSRD: “Your part in 
the spectacular job accomplished under our 
contract in providing the tube represents 
a record-breaking performance and merits 
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the sincere praise and thanks of this or- 
ganization and those who will use the 
equipment. 

The engineering of this job was spear- 
headed by J. O. McNally, G. T. Ford, 
C. Depew, and W. Gronros. It would, how- 
ever, have been impossible without the un- 
stinted codperation of many other individual 
specialists in electronics in the Western and 
at the Laboratories. 


Red Cross War Fund 


The cover of the Recorp this month de- 
picts a Red Cross field worker giving coffee 
to our soldiers in the combat area—just one 
of the many services rendered in war areas 
and on the home front. March has been 
designated Red Cross month, when its 1945 
War Fund of $200,000,000 will be raised. 

The Welfare Fund Committee of Bell 
Laboratories Club will send you a contribu- 
tion card and ask for your subscription. If 
you wish, and so indicate on your pledge 
card, your contribution will be forwarded 


to the Red Cross chapter or branch in your 
home community so that you and your com- 
munity will both receive credit for your gift. 
It is desirable that you contribute through 
the Laboratories so that our participation 
will compare favorably with other Bell 
System companies in the Metropolitan Area. 
You may also have your contribution de- 
ducted from your salary by the Payroll 
Department. 


Military or Merchant Marine Leaves 
of Absence 


The practices with respect to a member of 
the Laboratories upon reinstatement from a 
military or Merchant Marine leave of ab- 
sence have recently been modified by action 
of the Board of Directors. The most im- 
portant changes are: 

1. Reémployment: Effective December 8, 
1944, the period within which an employee 
on military leave with the Armed Forces 
must make application for reémployment 
was extended from 40 days after discharge to 


C. A. Arnold 
W. A. Arny 
Jean Asbury 


C. G. Reinschmidt 
Mary Reynolds 


M. Roland 
J. F. Ballard D. J. Ryan 
A. Baltera Harriet Rybka 
L. W. Bellevue Lb d H. P. Schoenfisch 
V.C. Belt Patricia Seymour 
W. C. Bengraff OO = © Dorothy Shaw 
V. Bennett A. G. Shepherd 
T. O. Berthold }) j M. Sparks 
A. P. Besier L. Spiwak 
G. Bittrich, Jr. Ono's A. Stillwell 
Doris Boyajian — W. S. Suydam 
Ruth Boyajian J. R. Fisher G. W. Lees Phyllis Nimmo H. Sherwood Tiger 
R. H. Braun J. G. Fosdick A. F. Leyden Lillian Norkin Ann Tingley ie! 
H. W. Bryant Herbert Gaestel E. J. Louis M. Northup R. G. Treuting 
Marjorie Brydon —_H. F. Gartner R. M. Lux J. J. Ocstreicher Angela Vetrone . 
Ruth Brydon Edith Gibbons D. J. Mahoney M. Olm 


W. A. Buchwald 
Lois Burford 

R. Cooke 

Anna Coughlan 
R. H. Day 

F. E. Dorlon 

L. Dorrance 

A. F. Duerr 
Mary Ann Duffy 
C. E. Ekman 
Anna Falcone 
Rose Faris 
Valerie Feiss 


Harry Goedeke 
C. B. Green 

K. W. Hansen 
J. B. Hays 

M. Hoogstraat 
W. F. Hoover 
E. L. Housa 
G. J. Huebner 
C. J. Humphrey 
J. H. Jezisek 
Gloria Kirby 

J. W. Kittner 


Rose Mancuso 
Jean Mater 

J. G. Matthews 
J. K. McKy 

J. M. Meehan 
K. W. Melick 
A. Mendizza 
M. Meyer 

C. Miller 

C. E. Mitchell 
Mildred Molloy 
J. S. Munies 


N. R. Pape 
Elma Parker 
Stella Patron 
J. E. Phillips 
R. P. L. Piltan 
Theresa Potignano 
J. F. Potter 

J. R. Power 
G. L. Prose 
Molly Radtke 
E. W. Rahn 
P. Randolph 


Ethel Walker 
Anna Walsh 
Anita Warwick 
E. Watkinson 
D. A. Weaver 
E. G. White 

H. A. White 

R. W. Wickham 
A. R. Winslow 
E. Wintermantel 
R. Wittkop 
Eliz. Woodward 
Sophie Wyka 
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g0 days after being released from service or 
from hospitalization that has continued 
after discharge for a period of not more 
than one year. 

2. Service Credit: Effective February 1, 
1945, full service credit under the Benefit 
Plan will be allowed for all necessary ab- 
sence in the Armed Forces or Merchant 
Marine provided the employee in such serv- 
ice is reinstated within the time specified. 

3. Pay Treatment Upon Reinstatement: Ef- 
fective February 1, 1945, an employee rein- 
stated from military or Merchant Marine 
leave of absence within the required period 
will be restored to the payroll at the rate of 
pay he would have received had he been 
continuously on duty with the Labora- 
tories during the period of absence in the 
job classification he was in at the time he left. 

The provisions of paragraphs 2 and 3 will 
be applied retroactively to all who have 
been reinstated from such leaves in the 
Laboratories prior to February 1, 1945. 


Scientists from India Visit 
Murray Hill 


Research projects of Bell Telephone Lab- 
oratories were discussed by members of the 
staff with a delegation of scientists from 
India during their recent visit to the Lab- 
oratories’ new buildings at Murray Hill. The 
guests were Dr. Nazir Ahmad, Director, 
Indian Central Cotton Committee; Sir 


Shanti Swarup Bhatnagar, Director, Scien- 
tific and Industrial Research Directorate, 
Government of India; Professor S. K. Mitra, 
Ghose Professor of Physics, Calcutta Uni- 
versity, and Professor Meghand Saha, Palit 
Professor of Physics, Calcutta University. 
They were accompanied by Dr. P. C. Fine 
of the United States Office of Scientific Re- 
search and Development. Dr. Buckley, as 
host, outlined the purpose of the Labora- 
tories’ research and development program. 
Exhibits of apparatus and discussion ac- 
companied the talks. 

Investigations of quartz and synthetic 
piezo-electric crystals were described by 
S. O. Morgan. An automatic method of 
measuring the frequency response charac- 
teristics of loudspeakers was demonstrated 
by W. C. Jones. Problems relating to timber, 
the source of the millions of telephone poles 
and crossarms required to carry Bell System 
communications circuits were discussed by 
R. H. Colley. Characteristics and some of 
the applications of thermistors were de- 
scribed by J. A. Becker. F. J. Given ex- 
plained how military demands for mica had 
been met by electrical tests which showed 
that much mica formerly rejected is usable. 

This visit was made in connection with an 
inspection tour of laboratories and industrial 
establishments of the United States by a 
group of distinguished scientists and tech- 
nologists from India. 
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Visir oF DELEGATION OF SCIENTISTS From INDIA TO Murray HI 


Left to right: Professor Meghand Saha, Professor 8. K. Mitra, Dr. O. E. Buckley, Sir Shanti 
Swarup Bhatnagar, Dr. Nazir Ahmad 
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News Notes 

DuRING THE RECENT Operating Vice- 
Presidents’ conference of the Bell System, 
the members spent a day in the Arnold 
Auditorium at Murray Hill, at which time 
some of the Laboratories’ recent develop- 
ments which may be of importance in the 
post-war period were described by members 
of the Laboratories staff. 

THE FepERAL Communications Com- 
mission and members of their staff were the 
guests of the Laboratories at an all-day 
conference and demonstration of recent 
laboratory developments held in the Arnold 
Auditorium at Murray Hill. 

THE 75TH ANNIVERSARY display of the 
Western Electric Company, consisting of 
twelve panels depicting the historical back- 
ground of the company and the major con- 
tributions it has made in the communica- 
tions field, has been installed in the New 
York Museum of Science and Industry. 

A MIXED CHORUS has been organized at 
Murray Hill as an outgrowth of the musical 
program held in the Arnold Auditorium last 
Christmas. About thirty-five members of 
the staff are meeting there each Wednesday 
after working hours for practice under the 
direction of Charles P. Meys, Director of 
Music in the Morristown High School. A 
concert in the spring is anticipated. 


O. E. Bucxiey, M. J. Ketry, D. A. 
Quartes and W. A. MacNarr, with C. G. 
Stoll and F. R. Lack of the Western Electric 
Company, visited the Air Technical Service 
Command at Wright Field where a number 
of new developments were witnessed. 

O. E. Bucktey has been appointed a 
member of the National Inventors’ Coun- 
cil. The Council was organized by the Sec- 
retary of Commerce in 1940 and _ since 
that time has evaluated over 200,000 sug- 
gestions from the civilian population for 
use in connection with the war program. 
Dr. Charles F. Kettering is Chairman of 
the Council. Dr. Buckley attended a meet- 
ing of the Council at the U. S. Naval 
Training Base’ at Fort Pierce, Florida, 
February I1 to 13. 

C. J. Davisson, K. H. Srorks, J. Cras- 
TREE, L. S. Hun and E. K. Jaycox visited 
the Research Laboratory of the American 
Cyanamid Company in Stamford. 

R. Crark Jones was the author of an 
article entitled On the Theory of the Direc- 
tional Patterns of Continuous-Source Distri- 
butions on a Plane Surface published in the 
January issue of The Journal of the Acoustical 
Society of America. 

R. M. Bozorru spoke on the Effect of 
Stress on Magnetization before a group of 
physicists at Brown University on February S. 
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Sergeant Peter V. Lodato Survives 
Plane Crash 

Sgt. Peter V. Lodato recently lived 
through an experience in the Pacific which he 
always will remember, according to an item 
published in a February issue of the West- 
wood (N. J.) News. 

Sgt. Lodato, a radio operator on a B-2g 
Superfortress based on Saipan, was on a 
mission on January 3 when his plane made a 
crash landing in the ocean. He and four 
other members of the crew were rescued 
after floating on a life raft several days. On 
Monday, January 22, the 
Lodato family received a 
telegram from the War De- 
partment notifying them 
that Sgt. Lodato was miss- 
ing in action since January 
3. The natural anxiety felt 
on receiving such a message 
was offset by the fact that 
the family received 
from him a letter dated 
January 8, telling his folks 
of his experience and saying 
that he was all right. This 
letter was followed in quick 
succession by others dated 
January 13, 15, 17 and 19, 
and with one of them came 
the Purple Heart Medal, 
indicating that Sgt. Lodato 
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Lieut. E. T. Urbanski 
Missing in Action 


had been wounded. Sgt. Lodato has been in 
the Army since January, 1943, and overseas 
about three months. 


Lieut. Everett T. Urbanski Missing 
in Action 


Lieutenant Everett T. Urbanski of the 
Army Air Forces has been missing in action 
over Germany since December 10, according 
to word that has been received by his wife 
from the War Department. 

Lieutenant Urbanski joined the Labora- 
tories in March, 1942, as a member of the 
Development Shops  De- 
partment. He was granted 
a military leave of absence 
on January 29, 1943, and 
was sent for training to 
Susquehanna University in 
Pennsylvania. Later he was 
transferred to Nashville, 
Tennessee, and he received 
his commission in March, 
1944. He continued his 
training at Craig Field, 
Alabama. His last phase of 
fighter training in P-40’'s 
with the Third Fighter Com- 
mand before receiving his 
overseas assignment _ late 
last summer was the 
Sarasota Army Air Base in 


Florida. 
March 1945 
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Lieut. Stanley W. Erickson Killed 

in Action 

First Lieutenant Stanley W. Erickson was 
killed in action on December 27. On that 
day Lieut. Erickson brought his flak-riddled 
Flying Fortress back to England from a 
bombing raid over Germany, but, in landing, 
the crippled plane crashed, and the pilot and 
all members of the crew were found dead. 
Lieut. Erickson met his death on his 28th 
combat mission. He had been awarded the 
Air Medal with three Oak Leaf Clusters. 

In January, 1943, he was given a military 
leave of absence and went to the Army Air 
Forces Basic Training Center at Miami 
Beach. From there he went to Jamestown, 
North Dakota. He continued his training at 
Santa Ana, Blythe, and Lemore, California, 
and in Douglas, Arizona. He received his 
combat crew training as a co-pilot on a B-17 
at Ardmore, Oklahoma. In July, 1944, he was 
sent overseas. 


Captain Reinberg Awarded Bronze 
Star and Purple Heart 


Capt. Einar Reinberg of the 1ogth In- 
fantry Regiment, United States Army, was 
awarded the Bronze Star for heroic achieve- 
ment in connection with military operations 
against an armed enemy near Lidrezing, 
France, on November 13. The citation read: 

“On the morning of 13 November, 1944, 
Company G, to4th Infantry, was assigned 
the mission of securing the left flank while 
the battalion was pressing an attack against 
an important enemy hill position in the area 
between Obreck and Lidrezing, France. At 
one point, heavy enemy fire, intermingled 
with fire from friendly troops, mistaking 
Company G for the enemy, compelled a 
temporary withdrawal of some elements of 
the company. Captain Reinberg walked into 
an open position, faced this mixed fire, and, 
by signaling, attempted to halt the friendly 
troops’ fire. In the temporary confusion at- 
tendant upon the withdrawal, some wounded 
and the field artillery forward observers’ 
radio were left behind. Taking four volun- 
teers from his company and an artillery 
officer, Captain Reinberg advanced again to 
the previous scene of action. With utter dis- 
regard for personal safety and wading 
through waist-deep swampland under in- 
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tense enemy artillery and machine fire, the 
group reached their objective and returned 
with four wounded comrades and the radio. 
Preventing the radio from falling into the 
hands of the enemy, and making possible 
close, continuous field artillery support, the 
recovery of the radio was of immense impor- 
tance to the company’s subsequent suc- 
cessful operations on the afternoon of the 
same day. His bravery under enemy fire, his 
strong devotion to duty and his wounded 
men reflect the highest credit upon Captain 
Reinberg and the Armed Forces of the United 


Lieut. Stanley W. Erickson, 1917-1944 


States.—By command of Major General 
Paul, Commanding Officer, 26th Infantry 
Division.” 

Capt. Reinberg also received the Purple 
Heart Medal. He suffered a facial injury 
from a German machine-gun bullet. How- 
ever, it was not serious and did not keep him 
out of combat. 


Captain O. F. Crankshaw Awarded 
Bronze Star 

Word has been received from Head- 
quarters of the Sixth Armored Division that 
the Bronze Star Medal has been awarded to 
Captain Orrin F. Crankshaw, according to 
an article published in the Summit Herald. 
Captain Crankshaw was honored for meri- 
torious achievement in connection with mil- 
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itary operations against the enemy in France 
during the period July 28 to October Io, 
1944. His citation read: “On numerous occa- 
sions he operated personally with the ad- 
vance guard, traveling in an open vehicle in 
a column of armored vehicles. On numerous 
occasions he braved small arms and mortar 
fire to treat injured men on the spot. His 
personal courage and devotion to duty were 
undoubtedly responsible for saving the lives 
of many wounded men.” 

Captain Crankshaw went overseas with 
the Yale Medical Unit and participated in 
the battle of Guadalcanal. After returning 
to this country he was sent to England in 
February, 1944. Before entering the Army 
he was on the staff of Overlook Hospital in 
Summit and attending physician for the 
Laboratories at Murray Hill. 


Lieut. Paul Mallery (right) and his father 
meet in New Guinea. Lieut. Mallery writes: 
“My father arrived here in New Guinea as a 
member of the Army Transport Service. Fortu- 
nately he was able to visit my present station 
just in time for a Christmas celebration before 
leaving for home. He had been overseas nine 
months against my 28 months. This is his 
third war” 


Lieut. Joseph A. Lehans 


“Your records to date have me aboard 
the U.S.S. Midway as Radar and Radio 
Officer. Early in October of 1944 the car- 
rier’s name was changed to the U.S.S. Sz. Lo, 
and a short time afterwards we left for the 
Philippine Invasion. On October 25 we were 
sunk in the second sea battle off Samar in 
the Philippines. I spent a few uneasy hours 
in the water but was eventually picked up 
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by a destroyer and returned to a forward 
naval base along with many other survivors. 
Orders came for 30-day survivors’ leave and 
I arrived home on December 5 in good 
condition. 

““My new orders are to Corpus Christi for 
a refresher course in Radar, and, after the 
leave, a period of rehabilitation. I expect to 
be here about two months and will notify 
you of my next orders. 

“To begin the new year right the Navy 
promoted me to Senior Lieutenant and I 
expect this promotion may be the last 
for quite a while unless something unex- 
pected turns up. 

“T am sorry to say I have not worked with 
any Western equipment except 233A trans- 
mitters and receivers but have heard many 
good reports and comment from other Radar 
officers and men.” 


Warren J. Boo 

In a letter written from a hospital in 
England on Christmas Day, Warren J. Boo 
said: “I have managed to cover quite a bit of 
territory since the last time that I was able 
to drop you a line. At the present time I am 
getting my first glimpse of England, even 
though it is through a window. 

“We left France a few weeks after we 
landed at Cherbourg (the first troops to land 
in that port directly from the States) and 
joined the Canadian First Army in Belgium. 
It was then that we got our first taste of 
combat. The drive took us into Holland and 
as soon as the port of Antwerp was secured 
our mission was accomplished. 

“Germany was the next stop and we en- 
joyed a few days before we hit the Jerries 
again. This time it was with the American 
First Army and believe me when I say it is a 
swell feeling to know that you have Amer- 
ican boys on either flank and American 
supporting forces. 

“The Jerry this time was a different in- 
dividual, he was the German. He makes you 
fight where he wants, always leaving you 
with no observation. The weather has been 
with him and it enabled him to throw every- 
thing at us without fear of being detected. 
He is proving that he wrote the rules of war, 
but he will learn that there is a sequel. 

“As for myself, I got some of my own 
medicine—mortar shrapnel. We were going 
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into the attack when it landed a yard from 
me as I stopped a second to catch my breath. 
My overcoat, raincoat and pants looked like 
shredded wheat but I only received a few 
pieces of small shrapnel in my legs, head, 
face and hand. 

“My outfit has managed to not only hold 
but make small advances during the present 
German counter-offensive and I would have 
liked to have been up there with them to see 
how they managed to do it.” 


Major R. S. Bailey 


Major R. S. Bailey, formerly of our Sys- 
tems Development Department and now on 
military leave of absence from the A T & T, 
recently visited his friends at the Labora- 
tories during a leave from overseas duty. 
After the invasion of Sicily, an award of 
the Legion of Merit was made to Major 
Bailey. The commendation read, in part: 
During the planning, training and 
operational phases of the Seventh Army 
landing operations on the Southern Coast of 
Sicily, Major Bailey was responsible for 
signal communications of his engineer bri- 
gade and attached units. By the application 
of highly superior technical knowledge, by 
masterful control and co6rdination of the 
various signal teams in the brigade com- 
munications net, and by _ extraordinary 
attention to duty, Major Bailey maintained 
highly superior radio, telephone and courier 


Leaves of Absence 
As of January 31, there had been 943 
military leaves of absence granted to mem- 
bers of the Laboratories. Of these, 46 have 
been completed. The 897 active leaves were 
divided as follows: 
Army 508 Navy 289 Marines 30 
Women’s Services 70 


There were also 18 member on merchant 
marine leaves and 25 members on personal 
leaves for war work. 

Recent Leaves 
United States Marines 
Bartholomew Stiratelli 


United States Navy 


Edward J. Dugan Ens. James H. Mulligan, Jr. 
Robert A. Hawley George A. Sharpe 
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communications with tactical brigade and 
attached units, and with codperating naval 
units. . . . By command of General Dwight 
D. Eisenhower.” 


Robert W. Search 


““Mail is certainly appreciated by service- 
men, especially those overseas. It brings a 
touch of home—something that nothing else 
in a foreign nation can give. After returning 
from a mission over Germany, weary and 
glad to be among the living, the first thing 
we look for in England is mail from home. 

“T have seen men killed, and I’ve found it 
extremely unpleasant. Everyone who sees 
battle endures many emotional experiences, 
the most significant of which is fear. Only a 
fool is never afraid. And yet, only a fool has 
to let fear conquer him. Most of my fellow 
crew members solve this problem with 
religion. When the flak starts bursting 
around us and those wicked black puffs come 
close, there isn’t a man on the crew who 
doesn’t whisper a prayer. On Sunday the 
chapel is always full. 

“Some people, however, are a little weaker 
than others, and they cannot stand the 
strain. I’ve seen two men crack. It was 
unpleasant. They will never be the same 
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Capt. W. W. Maas 
Fort Monmouth 


Lr. E. J. 


San Marcos Air Base 


again, and the least said about the matter 
the better. 

“So far I have been to London twice. The 
weather is terrible. The only time I ever see 
the sun is when I’m flying over the clouds. 
Perhaps that’s why the English girls lack 
the radiance of the American girls. You fel- 
lows back in the States had better realize 
what you have around you and make hay 
while the sun shines.” 


Lt. Col. Robert W. Harper 

“Have now completed one year in the 
Pacific theater where I have traveled far 
and wide. The highlight of my experiences 
probably was to have been in the Philippines 
while the fireworks were still in progress, 
and to have been at another hot place on my 
56th birthday when the Nips tried to blast 
us from the air. That was an honor and 
worth having lived for. Presently I am sta- 
tioned in Hawaii where I arrived on Christ- 
mas Eve. This is ‘Paradise’ compared to 
where I have been. Am in the best of health, 
the Army has been good to me.” 


Gilbert Goodman 


“T’ve been here only a few days but have 
already become fairly well acclimated. 
‘Here’ is somewhere in Dutch New Guinea. 
This country is an interesting combination 
of mountains, jungle and seashore. It’s 
probably possible, in normal times, to enjoy 
surf bathing and fishing, and then adjourn 
for winter sports to mountains which are 
snow-covered all year round. The Army base 
here is something of a country club, com- 
paratively speaking. Already civilization has 
done a good job of intruding, and the result 
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is a curious combination of primitive wilder- 
ness and modern times. The camp, in ac- 
cordance with Army practice, is located on 
heights overlooking the ocean on the site of 
what was once dense jungle. Today, how- 
ever, there are large clearings and widely 
distributed loudspeakers blare forth music 
and news broadcasts all day long. The 
‘business district’ is replete with signs of all 
sorts—‘Detroit Barber Shop,’ ‘Nick’s 
Place,’ “The Jungle Juice Shoppe’ (the sale, 
at one guilder per quart, of this power- 
ful fermented coconut milk beverage is a 


E. F. 
Miami, Fla. 


Lr. J. C. APPLEGATE 
Washington, D. C. 


comparatively new enterprise), and of 
course the inevitable “Broadway and 42nd 
Street.’ 

“Beer is rationed—three bottles per four 
days, and there’s a profitable market in 
ration coupons. Much of our food is Aus- 
tralian—dehydrated, compressed, powdered, 
and what have you. It’s fairly good, though, 
when restored to something like its original 
condition. I’ve given up trying to enjoy a 
variety of grease known as “Tropical Butter- 
fat Spread.’ Incidentally, although it re- 
quired a 7,000-mile journey to find it out, I 
know what’s happened to all the O’Henry 
candy bars.” 


Robert F. Graham 


“Here at Oklahoma A. & M. College, I 
find it hard to believe that I am still in the 
Navy. We are treated more like college stu- 
dents. We live in a beautiful new dormitory 
and sleep in real beds! There is laundry 
service, and the chow is practically like 
home. Of course, we have plenty of classes 
and lots of studying to do. There are 1,000 
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Waves training here, about 500 co-eds, 
and only 500 of us sailors. Believe me, 
things are great!” 


Vincent Decker 

From somewhere in the Pacific, Vincent 
Decker writes: “For quite a long time now 
we have seen nothing but blue water, flying 
fish, a few sharks, and some empty boxes 
which float by once in a while. You would 
be surprised how interesting a box looks 
when you haven’t seen anything for days! 
Some time back we stopped at an island and 
had a pretty nice time there. We went swim- 
ming and had a regular holiday. When we 
arrived, the natives came out in their boats 
which are long wooden canoes with an out- 
rigger on the side. They had a lot of things 
to sell and they sure did a good business.” 


John E. Cronin 
“I’ve been doing quite some traveling 
lately, and have finally arrived in ‘gay’ old 
France. The French people are rather 
friendly toward the GI’s. While traveling 
through the country a system of bartering 
was started between them—a_ pack of 


Lr. A. H. Losisser 
Camp Crowder, Mo. 


M. C. AnpREws 
Fayette, Mo. 


American cigarettes for a bottle of French 
apple cider. I imagine the boys lose out on 
the deal because cigarettes are rationed over 
here and a Frenchman can make plenty of 
money on them now.” 


Lawrence F. Albrecht 
“Tam now ‘vacationing’ at the Naval 
Training Station at Gulfport, Mississippi, 
attending Quartermaster School. It is very 
Interesting, but don’t confuse it with the 
Army Qm.—it is quite different. I am taking 
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blinker, signaling, and navigation, as well 
as rules of the road, a little celestial—and 
frequent liberties into New Orleans.” 


Major Harold T. King 

“Just a note to say that we are now in 
Krance—have been for some time—doing 
our stuff over here. Can not tell you our 
exact sector until we are ‘officially released.’ 
Suffice it to say that France is a pleasant 
change from Italy but the closer we get to 
Germany the less appealing the country 
and the people—especially the latter.”’ 


Frank A. Koditek 

“T am on an LST here at Sicily and have 
been overseas since May, 1944. I’ve only to 
boast one bit of action which occurred last 
August on the Southern France Invasion. 
While doing transport duty, we had the 
opportunity to visit many interesting places. 
We have been idle the past several weeks 
but have been painting and getting the ship 
into tip-top shape.” 

Ludwig J. Bierl 

“Have been overseas sixteen months and 
have been in Burma about a year. Thanks 
for the Recorp; the rest of the boys and I 
enjoy reading it.” 

Major Foster B. Blake 

““My present assignment as Signal Officer 
at the AAF Overseas Replacement Depot, 
Greensboro, N. C., keeps me in contact 
with many Bell System personnel as well as 
System products.” 


James J. Viggers 
“Here in France my job is controlling the 
traffic on the highways and if you think 
West Street is busy you should be here!” 


F. A. Kopirek 
Italy 


F/O J. P. Stickers 
San Marcos Air Base 


80G 


| 
4 
~ 


kkk * 


R. W. EckEerson 
California 


M. F. Devin 
Newport, R. I. 


David W. Jones 
“T’m in the 3rd Army, 80th Div., in 
France. My regards to all in Whippany. The 
picture of their baseball team looked good. 
I used to be on the Mech. Aces before and 
played against some of the boys.” 


D. J. Maccia 


“T am now in an advance base outfit and 
it is a rough training schedule. Thought I 
would get back to see all the gang before 
shoving off but they put us on the alert a 
few days ago so it looks as though the 
Pacific will have my company instead of 


Bell Labs.” 


Stanley P. Maschke 


“T have finally arrived overseas and have 
been assigned. I am very well satisfied as I 
will be doing the same work as I had been 
doing in the States, which was radio repair. 

“T am stationed near a large city and have 
visited there a few times. It was very inter- 
esting as well as educational. India is really 
a strange land. The people, their customs 
and dress are so different from ours. The cow 
is a sacred animal over here and is allowed 
to roam unmolested through city streets 
as well as the countryside.” 


Walter J. Bittman 


“Things are going well with us_ here. 
Plenty of work to keep us busy and plenty 
of snow and cold weather to make it worse. 
Since we landed in France over eight months 
ago I have seen many large cities—Cher- 
bourg, Chartres, Le Mans, Paris, Rheims, 
and Metz. Next will come German cities, 
and then home, I hope.” 
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R. T. Lynch 


“T flew up here to an island from New 
Guinea to install communications equip- 
ment. Yes, it’s Western Electric and we find 
it very good. I have been in Radio Teletype 
Communications since I first came over- 
seas. As yet I have no complaint about the 
equipment. I hope I can stay in the field.” 

* * * * * 

The following people on military leave of 
absence have recently been promoted: 

Major Foster B. Blake; Peter A. Byrnes, 
Jr., S 2/c; Grace M. Connor, SP (Q) 1/c; 
S/Sgt. Robert R. Cordell; Cpl. Robert T. 
Duffey; Raymond W. Eckerson, PhM 3/c; 
Colonel Albert J. Engelberg; Spencer N. 
Foster, SK 1/c; Helmut J. Geisler, Chief 
Radio Tech.; Sgt. Robert H. Granger; 

Lieut. (sg) Joseph A. Lehans; Lieut. Alois 
Lobisser; Ensign James H. Mulligan, Jr.; 
Thomas ‘Mosca, PhoM 3/c; T/Sgt. Anthony 
J. Osinski; Lieut. (jg) Philip H. Thayer, Jr.; 
Major Donald E. Thomas; Matthew Tomb, 
MM 1/c; Frank C. Wanits, MoMM 1/c; 
Cpl. David Webster; Sgt. Gustav A. Back- 
man; Lieut. Harold W. Collier; Coxswain 
Nicholas J. Flynn; Sidney W. Geschwind, 

a/c; T/5 R. T. Lynch; T/s James F. 
Madden; Lieut. Col. Hubert A. Sheppard; 
Capt. George M. Richards; Donald A. 
Loughlin, S 2/c; Emmett F. Noe, FC 2/c; 
Frank A. Koditek, QM 2/c. 

Caprain Letanp J. Sracy, Jr., son of 
L. J. Stacy of the Switching Development 
Department, has been awarded the Distin- 
guished Flying Cross for extraordinary 
achievement in aerial combat against the 
Germans. Captain Stacy, a P-s1 Mustang 
fighter, visited the Laboratories during a 


FE. H. SHEEHAN 
Europe 


W. F. Japre 
Sampson, N. Y. 
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leave from the 15th Air Force. He has 57 
missions, over 250 hours of combat flying 
time and three enemy planes to his credit. 

James J. Mappen visited friends at the 
Murray Hill laboratory recently while on a 
ten-day furlough. He is now stationed at the 
Frankford Arsenal where he is in the Ord- 
nance Overseas Maintenance Detachment. 

Raymonp W. Eckerson has completed 
training at the U. S. Naval Hospital at Mare 
Island, California, and has been assigned as 
a Pharmacist Mate 3/c to Air Evacuation. 

S. is with the Ninth 
Army in Holland; Caprain F. B. Mone 
Jr., is in France, where “I have enjoyed 
swapping yarns with Lee Giezen and E. L. 
PETERSON a few times.” 

Joun H. and Ensicn Warren M. 
Pratt have recently been sent overseas. 

Donatp E. Besse has been transferred 
to the Naval Air Station at Quonset Point, 
Rhode Island; ArrHuR F. SCHWEIZER is sta- 
tioned at the Douglas Army Air Field in 
Arizona; Ensicn C. A. McJounsron is at 
the Mare Island Navy Yard in California. 

Joun P. Manoney, after spending several 
months in England, is now in France. ‘““We 
are quartered in brick buildings but we have 
to use the floors for beds.” 

A. J. Borer, a member of the Switching 
Apparatus Development Department tem- 
porarily assigned to the Western Electric 
Company, is now in England in connection 
with a field trial of a special plotting board. 

James H. Mutuican, Jr., who has been on 
leave of absence as a civilian employee in the 
Naval Research Laboratory, received a com- 
mission as Ensign on December 15. He has 
been made Project Engineer in charge of a 
group responsible for one of the projects at 
this laboratory. 

Howarp S. Hopkins is somewhere in 
Italy. “Got a pass recently and visited Pisa. 
Was atop the Leaning Tower of Pisa and 
saw many interesting sights.” 

Wittiam has just completed a 
combat M.P. training course and 1s awaiting 
his assignment to duty. He expects to be 
guarding German prisoners. 

Ligeur. Epwarp J. and F 
Orricer Joun P. Stickers both visited 
West Street recently on leave from the San 
Marcos Army Air Base in Texas. They ex- 
pect to return there for reassignment. 
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Cuartes F. Moore has finished boot 
training at Sampson, New York, and is now 
in California; Lawson Cooper visited the 
Laboratories recently. 

Ensicn C. H. Doersam, Jr., has been 
assigned to the Combined Research Group 
of the Naval Research Laboratory, Wash- 
ington. “I am doing research and develop- 
ment on a special electronics project quite 
similar to the work I was in while at BTL. 


J. M. Worrovicu 
New London, Conn. 


A. J. Borer 
England 


The overworked Mechanical Engineering 
Department consists of two other members 
in addition to myself so that there is ample 
opportunity to develop original ideas.” 

Lizur. H. Losisser is attending a 
course in officer orientation and instructor 
training at Camp Crowder, Missouri; Davip 
Wesster is with a B-29 Squadron in 
McCook, Nebraska; Frank R. SANTASIER is 
attending the Navy Electrician School in 
Detroit, Michigan. 

Lieut. Georce N. Exrz and Lieur. 
James R. Watsu have been sent overseas 
recently; Daniet F. WaAtsH is on active 
duty in the Atlantic; Lieur. Arruur J. 
PALMER is stationed at Craig Field, Ala- 
bama; Georce G. BatLey is with a Signal 
Service Battalion in the Pacific. 

Caprain Watrer W. Maas is now at 
the Eastern Signal Corps Training Center 
at Fort Monmouth, New Jersey; Capr. 
Georce M. Ricnarps is training crew navi- 
gators at the Army Air Base in Tonopah, 
Nevada. 

Jean Sannerson, USMCWR, is now sta- 
tioned at Cherry Point, North Carolina; 
Evetyn Josp Naytor and Grace Connor 
of the Waves are stationed at Washington. 


8o0l 


| 
| | 


AMONG THE papers presented by members 
of the Laboratories at the Winter Technical 
Meeting of the Institute of Radio Engineers 
held in New York City from January 24 to 
27 were: Reflex Oscillators* by J. R. Pierce; 


Crystal Quality by 1. E. Fair; The Per- 
formance Index Meter by C. W. Harrison; 
and The Servo Problem as a Transmission 
Problem by E. B. Ferret. 

One technical session, with RatpH Bown 
as presiding chairman, was devoted to 
Radio Links and Relays. Following intro- 
ductory remarks by Dr. Bown, the following 
papers were presented by our engineers: 
Cape  Charles-Norfolk Ultra-Short-Wave 
Multiplex System* by N. F. ScHLAack and 
A. C. Dicxteson; Ultra-Short-Wave Multi- 
plex* by C. R. Burrows; Ultra-Short-W ave 
Receiver for the Cape Charles-Norfolk Multi- 
plex System* by D. M. Brack, G. Ropwin 
and W. T. WinrrincHam; and Ultra-Short- 


Wave Transmitter for the Cape Charles- 
Norfolk Multiplex System* by R. J. KincHER 
and R. W. Frits. 

One technical session, with F. B. LLEweE 
LYN as presiding chairman, was devoted to a 
Symposium on the I.R.E. Technical Com- 
mittees. Dr. Llewellyn discussed the overall 
structure of the committees; J. A. Morton, 
Admittance Coefficients for the Specification of 
Vacuum-Tube Performance; C. R. Burrows, 
Radio Wave Propagation Committee; and 
G. G. Mutter, Possible Future Activities of 
the Electroacoustics Committee. At the annual 
banquet of the Institute, W. H. Donerry 
and S. A. SCHELKUNOFF were made Fellows, 
an honorary grade of membership. 

Ar tHE New York Meetinc of the 
American Physical Society held on January 
19 and 20, R. M. Bozorru presented a 

*These papers were published in the February issue 


of the Proceedings of the I.R.E. 


MARCH 12, 1945 
The Lion and the Lamb 
(Spring, Beautiful Spring) 
Orchestra 
Trad.-arr. Weatherl 
Marjorie Lawrence 


Danny Boy 


Holiday for Strings Rose 
Orchestra 
Il va venir from “La Juive” Halévy 
Marjorie Lawrence 
Polovetzian Dances from “Prince Igor’ Borodin 
Orchestra and Male Chorus 
The Lost Chord Sullivan 
Marjorie Lawrence and Male Chorus 
MARCH 19, 1945 
On the Trail from “Grand Canyon Suite” Grofé 
Orchestra 
Concerto for Violin— Gruenberg 
Second Movement 
Jascha Heifetz and Orchestra 
Oh! What a Beautiful Morning Rodgers 
from “Oklahoma”’ 
Orchestra 
Levee Dance White 
Giant Hills Burleigh 
Jim Jives from “Hexapoda”’ Bennett 


(Five Studies in Jitteroptera) 
Jascha Heifetz and Orchestra 


HE ‘TELEPHONE Hour?’ 
(NBC, Monday Nights, 9:00 P.M., Eastern War Time) 


Bell Laboratories’ Club has no more tickets for these programs 
because its limited supply has already been distributed to applicants. 


MARCH 26, 1945 


We All Believe in But One God Bach 
Orchestra 
Dich teure halle from ““Tannhauser” Wagner 
Helen Traubel 
Easter Parade Berlin 


from Thousands Cheer” 
Orchestra 
Vespers Fraser-Simson 
Helen Traubel 
Grail Scene from ‘“Parsifal” 
Orchestra and Male Chorus 

Alleluia Traditional 
Helen Traubel and Male Chorus 


APRIL 2, 1945 


Jockey on the Carrousel 
from “I Dream Too Much” 
Lily Pons with Male Chorus 
Dancing Doll Poldini-LaForge 


Wagner 


Kern 


Lily Pons 

Jardin d’amour Traditional 
Orchestra 

Song of India from “Sadké”  Rimsky-Korsakoff 
Lily Pons 

Inflammatus from “Stabat Mater” Rossint 

Trumpet Solo with Male Chorus 
The Carnival of Venice Benedict 


Lily Pons 
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paper on Effect of Small Stresses on Magnetic 
Properties and P. P. Ciorri on a Recording 
Fluxmeter of High Accuracy and Sensitivity. 
Harvey FLercHer presided at a session 
at which invited papers were presented, one 
of which was Double Bragg Reflections in a 
Single Crystal by C. J. Davisson and F. E. 
HawortH. K. K. Darrow presided at a 
session devoted to a discussion of the Pro- 
posal of a Division of the Physics of the 
Solid State. 

Fk. L. Norron presented a paper on 
Dynamic Measurement on Electromagnetic 
Devices at the A.J.E.E. winter convention. 

H. W. Hermance, T. F. Eaan, C. F. 
Herrt, Mary Howarpb and Suirtey Ham- 
1LtoN have been conducting field studies of 
contacts in Philadelphia. 

W. O. Baker, J. H. HEtss, Jr., and R. W. 
WALKER attended a conference sponsored 
by the Rubber Reserve Company, at Akron, 
on synthetic rubber. 

FE. E. ScHuMacHER visited Hawthorne 
during the week of January 28 to discuss 
metallurgical problems with Western Elec- 
tric engineers. 

R. A. Heisinc spoke on quartz crystals 
and problems encountered in their design 
and manufacture for frequency control in 
radio transmitters before the Hawthorne 
Science Club and the Chicago Section of the 
A.L.E.E. on February 8 and before the 
student branch of the A.I.E.E. at Cornell 
University on February to. 

R. V. L. Hart ey, in a short article pub- 
lished in the January issue of The Journal of 
the Acoustical Society of America, discussed 
the production of inharmonic subfrequencies 
by a loudspeaker. 

R. A. Sykes, G. M. Tuurston, J. F. 
Barry and H. Havstap attended a con- 
ference on crystals held at the Bureau of 
Ships in Washington. Mr. Thurston also 
visited the Long Branch Signal Laboratory 
to discuss specifications for quartz crystals. 

Ar tHE Hawrtnorne plant of the Western 
Electric Company C. A. WEBBER discussed 
cable and wire problems; I. E. Farr, im- 
provements in the design of crystals; W. J. 
Kine, high-voltage cables and connectors; 
and F. S. Farkas and EF. S. network 
problems. The latter also reviewed filter 
problems with engineers of the Illinois Bell 
Telephone Company. 
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Please put your RECORD in the 
“Correspondence-Out” box when you 
are through with it so that it can be 
sent to a Serviceman’s family. 


C. A. WessBer visited the Bureau of 
Ships in Washington in reference to high- 
voltage cables. 

R. T. SrapLtes and W. V. THompson, at 
the Point Breeze plant of the Western Elec- 
tric Company, discussed cord developments. 

F, J. Given, C. T. Wyman and L. D. 
PLOTNER went to Schenectady to confer with 
engineers of the General Electric Company 
on insulation parts for transformers. 

J. R. Weeks visited the Sangamo Electric 
Company, Springfield, Mass., in connection 
with condenser problems. 

C. A. BricHaM was in Chicago in connec- 
tion with the manufacture of power trans- 
formers by the Jefferson Electric Company. 

H. T. Witnetm visited the Leeds & 
Northrup Company, Philadelphia, on im- 
pedance bridges being constructed for the 
Laboratories. 

G. E. BatLey was in Hawthorne on prob- 
lems relating to operators’ chairs. He was 
also in Philadelphia in connection with the 
modification of PBX’s to increase capacity. 

M. Wuireneap and R. E. Drake visited 
the Sprague Electric Company, North 
Adams, Mass., to discuss matters pertaining 
to electrolytic capacitors. 

A. G. Ganz, J. A. AsHwortn, C. J. 
CHRISTENSEN and R. A. CHEGWIDDEN were 
at the Selas Corp., Philadelphia, in connec- 
tion with heat-treating equipment. 

H. G. Romic spoke on Single and Double 
Sampling Plans at the last of a series of 
monthly dinner meetings of a class studying 
Quality Control at the Lansdale (Pa.) plant 
of the National Union Radio Corporation. 

J. A. Warrers was at the Haverhill plant 
of the Western Electric Company to discuss 
balancing-coil equipment. 

J. W. Wooparp attended the equipment 
engineering conferences in Chicago. 

J. G. Perkus visited the Heywood Wake- 
field Company in Gardner, Mass. 

A. R. Narpr visited the Army Air Field 
at Boca Raton, Fla., and the Douglas Air- 
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craft Company, Oklahoma City, in connec- 
tion with war projects. 

C. T. Mitvter, at the Western Gear 
Works, Lynwood, Calif., discussed speed re- 
duction units. 

F. F. Sreperr discussed regulator prob- 
lems at Fort Wayne. 

C. J. Cancik visited the Lamb Flectric 
Company in Cleveland and the John Oster 
Company in Genoa, IIl., on motor problems. 

H. M. Spicer was at the Precision Instru- 
ment Company, Waltham, Mass., and Price 
Brothers, Frederick, Md., to discuss control 
problems. 

J. M. Ducutn visited the Lamb Electric 
Company, Cleveland; John Oster Company 
in Genoa, IIl.; Thomas B. Gibbs Company, 
Delavan, Wisc.; and the A. F. Dormeyer 
Company in Chicago. 

F. R. Sransei was the author of an 
article entitled Concurrent Graduate Study— 
Its Place in Post-War Engineering Education 
published in the January issue of Proceedings 
of the I.R.E. 

M. C. Biskesorn, C. C. FLeminc and 
J. Ff. Wenrz discussed the design features of 
radio-frequency cables at a conference on 
this subject held as part of the Mid-Winter 
Convention of the A.I.E.E. This meeting 
was sponsored by the Bureau of Ships. After 
an outline of the general problem by Mr. 
Wentz, various engineers from research 
organizations and cable manufacturers dis- 
cussed various phases of the design problem. 
Mr. Biskeborn discussed power ratings and 
stability of cables under service conditions. 
Mr. Fleming outlined the methods of test 
used for determining the characteristics of 
these cables for all frequencies. 

K. E. Goutp has an extended assignment 
with the Air Communications Office. 

E. H. SHARKEY has been assigned to the 
Army Air Forces for special consulting duty 
in connection with Army apparatus. 

A. E. MacMauon has been assigned to a 
special training project with the Army Air 
Forces Board at Orlando, Fla. 

O. D. Grismore, C. N. NEBEL, and W. T. 
WicHMAN are spending several weeks at 
Boca Raton, Fla., in connection with flight 
tests of Army equipments built by Western 
Electric Company. 

AN ABstract of the article New Woods for 
Crossarms and Their Preservation by G. Q. 


~ 
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Lumspen, published in the Recorp last 
October, appeared in Nature (London) in 
its January 6 issue. 

J. A. Carr, recently at New Haven, dis- 
cussed lashed-cable construction. 

R. H. Cotrey attended an Executive 
Committee meeting of the American Wood- 
Preservers’ Association at Cincinnati. 

R. H. Cottey, W. McMauon and J. 
Leurritrz, Jr., visited the Forest Products 
Laboratory at Madison, Wisconsin, in con- 
nection with the study of culture methods 
for testing wood preservatives. Dr. Colley 
also discussed problems of production and 
treatment of lodgepole pine and Douglas 
fir poles with cedar-pole producers at Minne- 
apolis and St. Paul. 

R. O. Covet appeared before the Board 
of Appeals at the Patent Office relative to 
an application for patent. 

A. F. Kane was at the Patent Office in 
Washington relative to patent matters. 


Edward J. Sause, 1878-1945 

Epwarp J. Sause, a member of the 
Laboratories’ staff who retired last August, 
died on February 13. Mr. Sause joined the 
Engineering Department of the Western 
Electric Company in 1918 and, after four 
years with the order analysis group of the old 
Model Shop, transferred to the Commercial 
Relations Department. His first work in this 
department was on cost analysis and later 
he was with the estimating group. For the 
last ten years he has been responsible for 
cost appraisal of all Laboratory plant equip- 
ment. Previous to his retirement he had been 
concerned with cost estimates on newly de- 
veloped vacuum tubes and with many of the 
development and model production projects. 


Giuseppe Bruccoleri, 1879-1945 

GiusepreE BRuccOLERI, a member of the 
Plant Operation Department who retired in 
1942, died on February 7. At the time Mr. 
Bruccoleri came to West Street in 1908 as a 
cleaner, the Manufacturing Department was 
still housed in the building, and cleaning in- 
volved the removal of waste and _ scraps 
which are typical products of manufacturing 
operations. The gradual change in character 
of the work conducted in the building has 
brought changes in the cleaning job as well. 
Later Mr. Bruccoleri was assigned to clean- 
ing service in the restaurant. 
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Women O the 


Labora tories 


VioLter Jorpan’s work at the Labs is in 
the Development Shops’ control group where 
she does quality inspection of parts. This 
inspection is kept to close tolerances so that 
proper mating of component parts will be in- 
sured. Prior to this work she was in the model 
shop for one year and then was assigned to 
the potentiometer inspection project. 


VIOLET JORDAN 


Before coming to the Laboratories, she 
was an inspector on a radio assembly line for 
RCA at the World’s Fair. At the close of 
the Fair she studied weaving and marketed 
her hand-loomed tweeds through various 
specialty shops in the metropolitan area. 

Violet spent five years in Europe traveling 
with her family and studying with an 
architect in London. Since the war she has 
given up her weaving to help the war effort 
and any spare time is devoted to concerts, 
plays and books. Her brother is serving in 
the Signal Corps in the European theater 
of war as an interpreter. 
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Mrs. Oxca Bontrace was the first woman 
to become a technical assistant in the naval 
group of the Circuit Design Department at 
Whippany. She works on secret radio de- 
vices for the Armed Forces, checks circuits, 
and has charge of test instruments and 
equipment. “‘Boni,” as she is known by 
her co-workers, is called upon for all kinds of 
information, the password being, “‘Boni has 
it—ask her.” 

She was born in Rangoon, Burma—her 
father was a missionary there and in Chile 
and Argentina where she also lived for eight 
years. Mrs. Boniface received her LL.B. 
degree from New York University. 

Her son is in the Naval Air Corps. When 
the war started she took a radio course 
given by the Government and then came to 
the Laboratories. She is deeply interested in 
doing post-war veteran rehabilitation work. 
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BEATRICE BOLLINGER 


BEATRICE BOLLINGER was one of the 
Laboratories girls to appear in the Western 
Electric motion picture, “Heritage for 
Victory.”’ Beatrice is a technical assistant 
in the Switching Development Department. 
In the motion picture she is shown testing 
timing devices on dial circuits. 

Beatrice’s family is well represented at the 
Laboratories—her mother and father have 
both worked here, and an aunt, an uncle, 
and her sister are all members of the Lab- 
oratories now. Beatrice came here three 
years ago after she graduated from St. 
Savious Academy in Brooklyn. She at- 
tended the Technical Assistants’ School at 
Fourteenth Street. Her work consists of 
assembling of equipment and wiring and 
testing of circuits for field engineers. 

Beatrice spends most of her free time 
writing letters—she averages forty a week— 
but she still finds time to take the Red Cross 
Nurse’s Aide Course, and to enjoy roller 
skating, ice skating, and swimming. 


Bedside Telephone Attendants 

The duties and experiences of telephone 
company attendants assigned to assist bed 
patients in our Army and Navy hospitals are 
described by Mrs. Beatrice Chevron, an 
attendant at Barnes General Hospital, Van- 
couver, Washington. 
“One of the first orders of business is to 
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check the list of uncompleted 
calls. There are always a few 
of these, so off I go to the 
wards with my handset to 
get those all-important calls 
through to loved ones at home. 
Sometimes calls are held up 
for several days. 

“Each day I always make it 
a point to visit as many ward 
patients as I can,” explains 
Mrs. Chevron. “I know almost 
all of them by their first names. 
I know what their disabilities 
are. You see a lot of things in 
a hospital,” continues Mrs. 
Chevron. “At first some of it 
shocks you, but then it is part 
of the job and you have to be 
able to take it.” 

When new patients arrive, 
Mrs. Chevron makes it a point 
to go around to each one and get acquainted. 
“Usually I don’t have to be told,” she said, 
‘because when I come into the wards the 
boys always tell me if there are any new 
patients.” 

Then there are letters to write to boys 
who have left the hospital, having been 
transferred back to duty, to other hospitals, 
or discharged. She writes these letters on her 
personal stationery. She has even received 
long distance calls from patients after their 
discharge or transfer to other hospitals. 
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Running errands and shopping for ‘‘her 
boys” is another important duty as well as 
visiting with friends and relatives of patients 
who come to the hospital. Sometimes these 
shopping trips take her to Portland. For 
example, iike the time when one of the boys 
gave her considerable money for an “‘extra 
special” gift for that “extra special” girl and 
left the whole thing up to her. 

When a bed patient places a call she al- 
ways explains the different kinds of calls, 
quotes rates, explains the credit plan, and 
gets all the necessary details, and these 
calls do mean so much to the men. 

“She’s a mighty fine woman and we 
think an awful lot of her,” said one of the 
hospital officials. ““When you see the pa- 
tients stop and visit with her and call her 
‘Bea,’ you know what the men think,” 
and here’s what Mrs. Chevron thinks of her 
busy job: “I hope I never have a different 
job. When you do things for people here you 
are doing something for someone who is de- 
pendent on you.” 

* * * * * 

Mary Van Purren takes care of the 
clerical work for the inspection group in the 
Development Shops Department. This in- 
cludes keeping records of the work that 
comes in for inspection, and keeping time 
records. Before coming to the Laboratories 
Mary did clerical work in the War Depart- 
ment in New Jersey and in Washington. 
Her home was originally in Pittsburgh, 


Mary Van Purren 
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Engagements 


George E. Nelson, U. S. Navy—*Rita Bosak 
*A. L. Williams—*Cecily Forrest 
Paul Antola, U. S. Navy—*Virginia Graham 
Wallace M. Grube—*Augusta Korn 
W. O. Stanley J. Sikora, U. S. Army— 
*Emily McCormick 
*Capt. George M. Richards, U. S. Army— 
Barbara Ann Riley 
*Angelo Garbarino—*Martha Schroeder 


Weddings 


Ens. Ernest Gsell, U. S. Navy—*Marjorie Albers 
Ferdinand Groh, U. S. Navy—*Martha Corning 
John F. Brady, U. S. Navy—*Dorothy Huber 
*Fred Engelman, U. S. Army—*Elizabeth Meyers 
*Frank DeMotte—*Jane Phillips 
*Samuel E. Hardaway—*Viola Ann White 


*Members of the Laboratories. Notices of engage- 
ments and weddings should be given to Miss Mary 
Ellen Wertz, Room 1103, Extension 296. 


but she is now living in New York where her 
husband does optical work. Most of Mary’s 
free time is spent sewing. She makes her 
own clothes and is learning millinery. 

* * * * * 

LIEUTENANT GeErtrRUDE VaANn_ Kirk, 
daughter of J. L. Van Kirk, who is associated 
with W. P. Smiru in the maintenance of the 
Laboratories station at Atlantic Highlands, 
is in the Army Nurse Corps. She is doing 
air-evacuation work in the Furopean theater, 
and has attended wounded flown. from 
Normandy, Northern Italy, and in trans- 
atlantic evacuations. The critically wounded 
are flown from the front to base hospitals in 
England and, later on, to this country. One 
nurse in each plane cares for all of the pa- 
tients. Lieutenant Van Kirk has made at 
least six transatlantic crossings. 

Lieutenant Van Kirk, whose home is in 
Highlands, New Jersey, was graduated in 
the class of 1942 from Johns Hopkins Hos- 
pital School of Nursing. She has been in the 
Army Nurse Corps for two years, and 
trained at Gulfport, Mississippi, and Bow- 
man Field at Louisville, Kentucky. 

* * * * * 

WE reGRET that on page 48K of the 
February issue of the Recorp the names 
under the two photographs of JANE MELRoy 
and Mary GarGIuLo were interchanged. 
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Littian SANGBERG is the teletype oper- 
ator at the Graybar-Varick building. She 
was previously located at West Street in the 
Telegraph Department where she was in- 
structed in the operation of the TWX 
machine. Her work now consists mainly of 
sending and receiving messages for people 
located in the Graybar-Varick building. 
These messages can be transmitted to any 
place in the United States where a TWX 
service is in operation. Messages are also re- 
layed to West Street for transmission over 
private lines to Hawthorne, Point Breeze, 
Kearny, and other Western Electric Com- 
pany locations. 

Lillian’s parents were both born in 
Sweden. Lillian visited there when she was a 
child, and she can speak the Swedish lan- 
guage. Many of her relatives are still living 
there, and after the war she hopes to visit 
them again. 

She likes roller skating, swimming, bicy- 
cling and all sports and spends much of her 
free time writing to her many friends in 
the Armed Services. 
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ANNE ConneELL, R.N. 


LILLIAN SANGBERG 


ANNE CONNELL is in charge of the Medical 
Department at Whippany. When she went 
there three years ago no medical service was 
available on the premises, and it was her 
job to set one up. She is now taking care of 
all accident cases, has the responsibility of 
the medical aspects of the personnel work, 
and she looks after the general health of the 
members of the Whippany Laboratories in 
New Jersey. 

Anne took her nurse’s training at St. 
Mary’s Hospital in Philadelphia. Later she 
took a post-graduate course at the Norris- 
town (Pennsylvania) Hospital. She was 
first on the staff of Beth Israel Hospital in 
Newark, and then at the Orange Memorial 
Hospital. 

Anne is a Red Cross Volunteer and a 
member of the Civilian Defense Staff of 
Orange, New Jersey. She likes ice skating, 
sewing, reading, swimming, and_ bowling, 
but most of her free time is occupied by 
letter-writing—she has two brothers and 
two brothers-in-law in the service. 
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Dig Yourself a Share in Victory 

Again Victory Gardeners are responding 
to Uncle Sam’s roll call. The patriots who 
last vear tended some 20,000,000 gardens 
have been asked to help increase the Nation’s 
food supply by just as vigorous and suc- 
cessful a program as 
they carried on in 
1943 and 1944. 

Besides adding to 
the country’s larder 
and releasing food 
shipping facilities for 
other war uses, gar- 
deners have helped 
themselves and their 
families to better food, better health and 
recreation at no cost. In fact, even a 
medium-good Victory Garden will show a 
profit. If you really want some fun this 
year, keep a record of your produce. 
Charge yourself current market prices for 
those juicy, vitamin-chocked vegetables. 
Put the cash in a jar on the third kitchen 
shelf. Maybe you'll need two jars! In Oc- 
tober take out what your adventure in 
farming has cost—and if you aren’t entitled 
to blow in the rest on War Bonds, we don’t 
know who is! 

This is the month to start if you want to 
join the ranks of those who will harvest the 
most food, fun and fitness. To do this is as 
easy as ABC. 

4—Ask for information. Seed catalogs 
making their colorful appearance on the 
scene are a cheerful reminder that now is the 


time to “study up” 
on the latest garden 
material. New vege- 


table varieties, ferti- 
lizers, spraying meth- 
ods may have been de- 
veloped by your state 
agricultural college; 
the information is 
yours for the asking. 
Your local seed store, 
your neighborhood Victory Garden head- 
quarters, or a local garden club will have 
other garden material. Whether you’re a 
novice or a veteran, you ll want the latest 
information available. Then . 

B—Be sure to plan. Whether large or 
small, a garden needs a plan. After you've 
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made a chart of the plot, you can engineer 
the crop planning so that you can get a 
second and possibly a third crop from some 
of your garden rows. Varying last year’s 
garden plan and rotat- 
ing crops to different 
sections will help in- 
sure good use of the 
soil. And there are 
some who say this 
fools the bugs so they 
have a hard time set- 
ting up housekeeping. After you’ve charted 
your garden, then... 

C—Choose your seed and order it—but 
quick! Latest reports indicate that there’ll 
be no surplus of seed this year, so the wise 
seed shopper will make his selection early. 
Of course you’ll want to take into account 
which vegetables the family likes and what 
was successful in your garden last year, but 
don’t fail to try some 
of the less well-known 
vegetables. Broccoli, 
bush lima beans, edi- 
N ble soy beans and 
kohlrabi may prove 
welcome additions to 
the beans, peas, corn, carrots and tomatoes 
usually appearing on gardeners’ tables. 


New Weapon Visits Old Scene 
F.C. Willis Completes a Circuit 


When F. C. Willis roared out over the 
Atlantic bound for England as a guest of his 
Majesty’s Government, he didn’t know 
where he was headed. But when he arrived, 
no one had to tell him where he was because 
it was the exact spot where he had been 
born and bred! 

Then came the thrill of racing in a plane 
over hills and valleys of childhood memories 
to demonstrate a secret device which he 
had helped to develop more than 3,000 miles 
away and which now would help protect his 
native land. 

The old familiar scene hadn’t changed 
much except where a wheat field had 
sprouted airplane runways or meadows had 
mushroomed enormous dumps of military 
equipment. And people automatically ac- 
cepted him as a native which proved that he 
hadn’t changed much either, despite the 
best part of a lifetime spent abroad. 
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What struck him most were the many 
signs of a lively determination to secure a 
fair deal for all. For instance, through 
rationing the privileged classes are getting 
less but many people have more. And the 
poor are enjoying a real share of milk which, 
strange to say, is being produced in larger 
quantities than ever before. Remarkable to 
relate, this aroused social conscience is no- 
tably active in the younger members of the 
privileged classes who, in wartime, suffer 
most from its consequences. 

Radio equipment developed by the Lab- 
oratories and manufactured by Western 
Electric is now being fitted to British 
planes. Installation was proceeding smoothly 
under the guidance of J. Glen Turner 
of the Western. However, questions came 
up that only one with an intimate knowledge 
of the design could answer, hence Mr. 


Willis’ trip. 


Stamp Club Contributes to Hospital 
Visitation Plan 
Last year the Telephone Pioneers of 
America launched a coérdinated program of 
visiting telephone people in military service 
who are patients in Government hospitals 


in the United States and Canada. In con- 
nection with this program the Labora- 
tories Stamp Club is providing albums and 
stamps to the visiting committees of the 
seven Pioneer Chapters in the Metropolitan 
area. The Stamp Club is preparing twenty- 
five albums and ago of stamps. 

Recently H. Richardson visited the 
Halloran Maile Hospital on Staten Island 
in behalf of the Stamp Club and, with the 
cooperation of the Red Cross Field Director, 
distributed twenty-five pounds of stamps to 
hospitalized servicemen. 

Members of the Laboratories who may 
have accumulations of stamps (any amount) 
can help in this work by forwarding them to 
E. von der Linden in Section 7H. Quantities 
of current issues are quite acceptable. These 
stamps are distributed by the Red Cross to 
patients who may not be interested in mak- 
ing a collection, but who pass their time 
by cutting and pasting these stamps to form 
seasonable designs on greeting cards. 


Bell System Network Facilities 
for FM Broadcasters 
Bell System Headquarters, Feb. 2, 1945— 
An emphatic “‘yes”” came from the American 


Governing Committee of Bell Laboratories Stamp Club presents first allotments of albums and 
stamps for distribution to hospitalized servicemen. Left to right, C. D. Hanscom, E. von der 
Linden, W. 8S. R. Smith, Hattie Bodenstein and R. J. Heffner 
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TELEPHONE 
COMPANY 


Useful in bridging many a storm break are the hundred 

portable radio stations owned by Bell System companies. 

Pictured above is one end of a 27-mile radio link set up near 

McConnellsville, Ohio, to bring the town of Marietta back 

into the telephone network. A development of the Laboratories, 
this equipment has 50 watts transmitter power 


Telephone and Telegraph Company today 
in answer to the question of whether the 
Bell System can provide program trans- 
mission channels which will meet the present 
and future needs of FM broadcasters with 
respect to high fidelity and freedom from 
noise and distortion. 

The statement is contained in a twelve- 
page brochure released today by the Com- 
pany which points out that the Bell System 
already is furnishing studio-transmitter 
links to the majority of FM stations now in 
operation. These links transmit a frequency 
band of 15,000 cycles, as specified by the 
Federal Communications Commission. It 
was stated that present broad-band ‘“‘car- 
rier” telephone facilities can readily be 
adapted for 15,000-cycle program circuits by 
adding special terminal equipment. 

For many years wide frequency bands 
have been transmitted over these carrier 
systems which make it possible to send many 
telephone and telegraph messages over a 
single pair of conductors. This network of 
wide-band channels, blanketing the entire 
country, already is capable of transmitting 
frequencies of 15,000 cycles or more for 
telephone purposes. There are thousands of 
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miles of intermediary tele- 
phone routes which can be 
similarly equipped for wide- 
band transmission. 

In view of the prospects for 
a big increase in the number 
of FM stations in the immedi- 
ate post-war period, A T & T 
foresees the possibility that 
separate FM networks, with 
program sources of their own, 
may prove to be desirable. 
Whatever the broadcasting in- 
dustry decides about grouping 
FM stations for separate net- 
works and about the quality of 
channels desired, the Bell Sys- 
tem will be able to furnish 
intercity circuits of the kind 
needed, including 15,000-cycle 
circuits if they are required. 

If other means than wire cir- 
cuits should prove better or 
more economical for FM pro- 
gram transmission, the Bell 
System will use them, citing as 
evidence of this the A T & T’s projected 
microwave radio-relay system between New 
York and Boston. This trial installation is 
of a type which was under development 
by Bell Telephone Laboratories before the 
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war to test broad-band transmission by 
radio of various types of communications. 

The announcement reveals that the Bell 
System now serves standard radio broad- 
casters with more than 130,000 miles of 
program transmission circuits. 


F. H. Graham Retires 

Frank HEBER GrauaM of the Equipment 
Development Department retired on Jan- 
uary 31 with a Class A pension following a 
year’s absence due to sickness. After Mr. 
Graham graduated from the}University of 
Kentucky in 1908 with a B.M.EF. degree, he 
immediately joined the power machinery 
division of the Western Elec- 
tric Company at Hawthorne. 
A year later the Western Elec- 
tric Company discontinued 
the manufacture of power ma- 
chinery, and Mr. Graham 
moved to the telephone di- 
vision, where, after two and a 
half years in the manufactur- 
ing, installation and merchan- 
dise groups, he joined the engi- 
neering organization. In 1917 
he came to New York with 
several others to study the 
equipment phases of the panel 
dial system then being intro- 
duced into the metropolitan 
area and during this time he 
developed the equipment ar- 
rangements for key and call 
indicators. He has since been 
engaged in the design of cen- 
tral-office equipment for the 
panel and crossbar dial sys- 
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tems and for other systems, both in use 
and proposed. During the present war he 
had been concerned with the design of sheet 
metal casings and cabinets for housing 
equipment used by the Armed Forces. Mr. 
Graham contributed many ideas and inven- 
tions for telephone systems and some 
especially important ones in connection with 
dial cutovers such as the junctor group cut- 
over arrangements described in the crossbar 
toll article on page 23 of the January issue 
of the Recorb. 


Victory Depends on Good 
Communications 


“Victory depends on good communica- 
tions as well as guns and ammunition in the 
highly mobile warfare of today,” declared 
Major General Harry Ingles, Chief, U. S. 
Army Signal Corps, recently, in stressing the 
urgent need for more communications equip- 
ment on all our fighting fronts. 

Wire is the very lifeline of the soldier 
carrying on the offensive. Look at the fol- 
lowing list of essential communications 
points in one Infantry Division of 15,000 
men in one place and remember that wars 
are not won by standing still. This wire 
must move with the troops—often there is 
not time to disentangle it; the movement 


U.S. Signal Corps Photo 


Members of an infantry unit in France, using field tele- 
phones manufactured by the Western Electric Company, plot 
mortar fire from their advanced position 
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must be speedy and it has to be left behind. 
The enemy makes it a point to disrupt and 
damage our communications lines and many 
miles of wire are lost in such action. 

As soon as an Infantry Division command 
post is established, one or more wire cir- 
cuits fan out as quickly as possible to: 

Each of the three Infantry Regiments, distance 

5 to 20 miles each. 

Division Artillery, distance 2 to 15 miles. 
Division Observation Post, distance 5 to 20 

miles. 

Engineer Battalion, distance 5 to 20 miles. 
Clearing Station, distance § to 20 miles. 
Ammunition Control Station, distance 5 to 15 

miles. 

Division Reserve, distance 5 to 15 miles. 

Rear Echelon, distance 5 to 40 miles. 
Through Rear Echelon to Railhead, distance 

5 to 20 miles. 

Right Flank Division, distance 1% to 4 miles. 

Quartermaster Company. 

Signal Company. 

Ordnance Company. 

Medical Battalion. 

Traffic Control Stations. 

Attached Tank Destroyer Battalion, distance 

§ to 20 miles. 
Attached Anti-Aircraft Battalion, distance 5 to 
15 miles. 

Other attached units. 

The majority of these channels are trunk 
circuits terminating in switchboards from 
which there may be from four to forty ex- 
tensions. An Infantry Division, including 
the usually attached units, has about 70 
switchboards which serve more than 550 
field telephones. A division’s normal supply 
of wire exceeds 700 miles. 

Beyond the above-listed lines, there are 
further ramifications. From Division Artil- 
lery, for instance, two lines must go to each 
of its four Field Division Artillery Bat- 
talions. In turn, each battalion must have 
Wire communications with its three gun 
batteries, with forward observers, and with 
Infantry Regiments. 

* * * * * 

Signal Corps and other communications 
troops on the Western European front 
strung 330,000 miles of wire in the first five 
months after D-day and now are using ap- 
proximately 2,200 miles of wire daily, ac- 
cording to a recent release from the War 
Department. As of late January, the com- 
munications network had utilized more than 
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Signal Corps Photo 

Nerve Center—Over this maze of wire go vital 

messages that coérdinate twenty units of an 
Infantry Division 


200,000 tons of communications equipment 
and was serving 140 principal headquarters. 
One headquarters has 2,100 local telephones 
and handles 30,000 calls a day. Through 
principal switching centers more than 700 
points can be reached. More than too head- 
quarters have teletypewriter links. 


Interim Research Body of Civilian 

and Military Scientists 

Creation of a new board to develop 
weapons for any future conflict was an- 
nounced recently by Secretary of War 
Henry L. Stimson, Secretary of the Navy 
James V. Forrestal and Dr. Frank B. Jewett, 
President of the National Academy of 
Sciences. The board, to be known as the 
Research Board for National Security, will 
serve in the interim between the expiration 
of the present Office of Scientific Research 
and Development, a wartime agency, and 
the establishment by Congress of an inde- 
pendent agency to carry on the work. 

The board was set up by Dr. Jewett at the 
request of the Armed Services. Twenty 
civilian scientists, including Dr. Buckley, 
with an equal number from the Army and 
Navy, comprise its membership. 


85 


» 


Measurement of Small Motions 


By GORDON F. HULL, JR. 
Physical Research 


TUDIES of electrical contacts made 
between metals in telephone apparatus 
and between carbon granules in micro- 

phones require the measurement of ex- 
tremely small motions. One way of doing 
this is to mount a contact pair between a 
fixed support and a cantilever bar so that 
the separation of the contact points depends 
on the deflection of the bar.* By applying 
a known amplitude of motion to the free end 
of the bar, the amplitude anywhere along it 
can be calculated, provided the bar’s length 
is known and that it is rigidly clamped at the 
other end. The amplitude of the free end is 
relatively large and can usually be measured 
*Recorp, September, 1940, p. 130. 


Fig. 1—Small motions, encountered in con- 
tact studies, can be measured with a cantilever 
bar which has been calibrated by an interfer- 
ometer. The method is shown in Figure 2 
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with a microscope. This device provides 
motions ranging from zero at the clamped 
end to a maximum at the free end. It is 
seldom, however, that a cantilever bar is 
clamped perfectly rigidly and the calculated 
and actual amplitudes at any point along it 
will in general not agree. 

A direct method of measuring precisely 
the deflection at any point along the length 
of the bar is to attach one of a pair of inter- 
ferometer mirrors at the place in question, 
Figure 1, the other to the bar’s fixed base 
and to measure the displacement of the in- 
terference fringes obtained when a beam of 
light is reflected from these two mirrors. 
The principle is illustrated in Figure 2 where 
MI is a totally reflecting mirror attached to 
the bar, m2 a half-reflecting mirror fastened 
to the base of the bar and M3 is another 
half-reflecting mirror which permits ob- 
serving the fringes at right angles to the 
direct beam of light. Monochromatic light is 
obtained by filtering, at Fr, the radiation 
from a mercury arc The light passes 
through the half-silvered mirrors m3 and 
M2 to MI where it is reflected back through 
m2 and deflected to the observer’s eye E by 
M3. At M2 some light is also reflected back 
to the eye and it is the two parts of the beam 
reflected from m2 and m1 that interfere and 
produce fringes. 

Two methods of measurement were em- 
ployed in these experiments. The first used 
continuous monochromatic light source 
which gave stationary interference fringes 
that had maximum visibility for particular 
amplitudes of oscillation. The second em- 
ployed a stroboscope whose flashes of light 
were nearly synchronized with the oscil- 
lating bar, so that the fringes moved slowly 
back and forth in the field of view. 

The cantilever bar and its base were cut 
from a solid block of steel to insure a rigid 
support. The bar was 15.0 cm. long and 
1.6 x 0.6 cm. in cross section. An electro- 
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magnet which was connected to an oscillator 
vibrated the bar in its lowest mode, 275 
cycles per second. Static displacements were 
also produced by passing direct current 
from a battery through this magnet. 

The totally reflecting mirror MI was ce- 
mented to a steel arm which was clamped 


Fig. 2—The interferometer has a totally reflecting mirror M1 

attached to the cantilever bar, a half-reflecting mirror M2 

fastened to the base of the instrument,and another half-re- 

flecting mirror M3 to permit observing the interference fringes 
at right angles to the light from the source 1. 


to the bar at a point 2.54 cm. from its fixed 
end. The half-reflecting mirror M2 was at- 
tached to an adjustable mounting fastened 
to the base of the bar. The interferometer 
mirrors were aluminized. 

By adjusting mirror M2, interference 
fringes were obtained as a series of nearly 
straight lines. When the cantilever bar 
vibrated, these fringes oscillated back and 
forth across the field of view in synchronism 
with the bar, but could only be seen when 
their amplitude was approximately \/4 or a 
multiple of it. Then they became visible be- 
cause the fringes were momentarily sta- 
tionary at their position of maximum dis- 
placement, Figure 3, and were seen, by 
persistence of vision, when the fringes over- 
lapped. Calculations show that the fringes 
are slightly displaced from the /4 position 
unless they are very narrow. A correction 
was applied for this difference. 

In the measurements with continuous 
illumination, the interferometer was ad- 
justed when the bar was at rest. Then the 
bar was vibrated with increasing ampli- 
tudes by gradually decreasing a series re- 
sistance in the oscillator and electromagnet 
circuit. This caused the fringes to disappear 
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and then appear again. When they reap- 
peared the amplitude of the bar at the point 
where the mirror was mounted was approxi- 
mately A/4; 1.e., 1.37 x 107 cm. for the 
5461A mercury line used. Exact calculations, 
allowing for the width of the fringes, show 
the value to be 1.67 x 107 cm. After the 
displacement of the top of the 
bar had been determined with 
a micrometer microscope, the 
amplitude of the bar was in- 
creased until the fringes dis- 
appeared and reappeared 
again. This was repeated and 
each time the fringes became 
visible the amplitude of the 
top of the bar was measured. 
By counting the number of 
times the fringes appeared and 
multiplying this by \/4, cor- 
rected for fringe width, the 
displacement of the bar was 
obtained. For amplitudes 
greater than 10X/4 the fringes 
become too indistinct to ob- 
serve because the vibrating 
mirror remained too short a time at the ex- 
tremes of its motion. 

Larger displacements, which involve the 
counting of more fringes, were measured by 


M2 MI 


| 
| 

| 
| 
r 


Fig. 3—When the cantilever bar vibrates, the 

fringes oscillate back and forth across the field 

of view but are visible only when two fringes 

overlap while they stop moving momentarily at 

their positions of maximum displacement, indi- 
cated by the dotted lines 


the stroboscopic method. The mercury light 
source was flashed intermittently on the 
vibrating interferometer mirror by applying 
some of the output from the oscillator to the 
grid of a thyratron tube in a trigger circuit. 
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Y CANTILEVER BAR CALIBRATION 


14x 1072 


When the static measure- 
ments were made, by passing 


direct current through the 


BAR OSCILLATING 
12 1- MEASURED BY INTERFEROMETER 


/ electromagnet, the bar was 
eal held deflected by the amounts 


2- THEORETICAL 
BAR DISPLACED STATICALLY 


required to displace an integ- 


3- MEASURED BY INTERFEROMETER 
4- THEORETICAL 


T 


ral number of fringes in the 
interferometer. The results are 
shown in Curve 3. together 


with the corresponding theo- 
retical Curve 4. Again the ex- 
perimental values differ by 


AVN 


CENTIMETERS 


\ 


fifteen per cent from the theo- 
retical ones. Since the differ- 


ence between these curves is 


N 


the same for both dynamic 
and static displacements of the 


bar, it must be due to elastic 


deformation of the bar’s base. 
Krom the experimental 


Curves 1 or 3, it is possible to 


= calculate, by Rayleigh’s equa- 
tions, the length of the equiva- 
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Fig. 4—Amplitudes of the bar where the interferometer was 
mounted compared with those of the end of the bar 


The fringes were made to move slowly back 
and forth across the field of view by adjust- 
ing the oscillator so that the flashes were not 
quite in synchronism with the bar. By 
counting the fringes as they passed the cross 
hairs in the field of view and multiplying 
that number by A/4, the displacement of the 
bar was obtained. No correction for fringe 
width is required. 

The results are shown in Figure 4, Curve 
1, where the amplitude of the bar y at a 
point 2.54 cm. from its fixed end, as meas- 
ured by the interferometer, is plotted 
against the amplitude yy, at the free end of 
the bar, as measured by the microscope. 
The experimental points do not depart from 
a straight line by more than two per cent. 
Curve 2 shows the corresponding theoretical] 
values derived from Rayleigh’s equations. 
The experimental curve differs from the theo- 
retical one by fifteen per cent. This suggests 
that the cantilever bar was not attached rig- 
idly. The results by the stroboscopic method 
also agreed with Curve 1 within the experi- 
mental error which was two per cent. 
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240 lent rigidly clamped cantilever 
bar. This calculation gives 15.2 
cm. instead of the actual 
length 15.0 cm., which is an in- 
crease of 1.3 per cent. By using 
the equivalent length, the 
amplitude of motion at any point along the 
bar can be calculated correctly. 

This interferometer method permits 
measuring amplitudes of the order of 107° 
cm. directly with high precision. 


Yu 


THe AutHor: Gorpon Hutt, JRr., came to 
the year in 


the Laboratories in the fall of 1937, 
which he received his 
Ph.D. degree in 
Physics from Yale 
University. Pre- 
viously he was grad- 
uated from Dart- 
mouth College with 
the degrees of A.B. 
and A.M. and had 
studied in Germany. 
From 1937 to 1940 
Dr. Hull worked on 
problems relating to 
contact noise in re- 
lays. Then his effort was diverted to war work 
which occupied his time until he was called, in 
1944, to Dartmouth College, as Assistant Pro- 
fessor of Physics. 
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Impedance Bridge 
With a 
Billion-to-One 
Range 


By H. T. WILHELM 


Transmission Apparatus Engineering 


LECTRONIC and com- 
munication apparatus is 
being manufactured for the 
_ Armed Services at an unprece- 
dented rate. Every manufactur- 
ing facility has been strained to 
the utmost, and much new plant 
and equipment has had to be pro- 
vided. One shortage that early 
appeared was in the bridges used 
for measuring the impedance of 
the wide variety of coils manu- 
factured. Not only were there 
many more coils being produced 
than ever before, but the range in imped- 
ance values and in frequency was greater 
also. Heretofore, a number of different 
bridges had been used, each suitable for a 
limited range of impedance and frequency. 
It was realized, however, that greater flexi- 
bility and economy in production testing 
would result if it were possible to develop a 
single bridge having the combined range of 
several of the older bridges. Accordingly, 
the Laboratories designed the W-10135 
wide-range audio-frequency bridge, and the 
W-10125 carrier-frequency bridge, and about 
25 of these bridges have been constructed 
for the various manufacturing plants of the 
Western Electric Company. 

The audio-frequency bridge, shown in Fig- 
ure 1, will measure inductance from one 
microhenry to 1,000 henrys, and resistance 
from 0.001 ohm to 1 megohm—in both 
cases a ratio of a billion-to-one. How wide 
a range this is may perhaps be more readily 
grasped if it is expressed in terms of the 
more familiar measurement of lengths, when 
the range would extend from a thousandth 
of an inch to about 16 miles. In the new 
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bridge, this extremely wide coverage is 
secured by providing six ranges, any one of 
which may be selected by operating a single 
range dial. Depending on the position of 
this dial, the normal reading of the bridge 
will be multiplied by 0.01, 0.1, 1.0, 10, 100, 
or 1,000. Although d-c bridges have been 
made with multiple ranges for many years, 
the application of so many ranges to an a-c 
bridge has not been simple. Many problems 
pertaining to the adjustment and compen- 
sation of phase angle have had to be solved, 
and the solution given practicable form in 
the new bridge. 

The frequency range of this Maxwell type 
bridge* is from 20 to 10,000 cycles. The aB 
arm includes a conductance and a capaci- 
tance standard, each controlled by four 
dials. At the left of the upper row of dials of 
Figure 1 is the six-position range dial. In 
each position this dial selects resistors for 
the Bc and ap arms that will result in the 
desired multiplying constant. Six resistors 
in the ap arm and three in the Be arm 
are used for this purpose. The inductance 

*Recorp, November, 1940, p. 92. 
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Fig. 1—Maxwell type bridge used for measur- 
ing the resistance and inductance 


As 


X2 


component of the impedance under test is 
determined by the capacitance standard, 
and the four right-hand dials of the upper 
row, which control this standard, are marked 
directly in terms of inductance—ranging 
from steps of 0.1 henry at the left to 0.0001 
henry at the right. The latter dial 
gives continuous control of the 
standard, and thus values may be 
estimated to one-tenth of a step, 
or 0.00001 henry. 

Directly below the capacitance 
dials are the four conductance 
dials which measure the series 
resistance of the unknown. Since 
1 micromho of conductance in the 
standard is equivalent to 1 ohm 
of series resistance, the dial desig- 
nations are given directly in ohms 
instead of their Actual micromho 
values. Steps on these dials run 
from 100 ohms to 0.1 ohm, the 
latter dial operating a 1-megohm 


gO 


potentiometer for continuous ad- 
justment. The coil to be measured 
is connected to the two binding 
posts just below the lower left- 
hand dial. These posts are on 2%- 
in. centers, and their central 
threaded studs are drilled so that 
standard impedances equipped 
with plugs on 214-in. centers may 
be plugged directly into them for 
checking the bridge. By drilling 
the studs instead of the screw caps 
of the binding post, a better con- 
nection is secured since the 
threaded contact is by-passed. 
Coaxial jacks are provided on the 
rear of the bridge for plugging in 
the oscillator and the detector. One of the 
unusual features of this bridge is that there 
is no zero position on the second dial from 
the right in both the upper and lower row. 
This is done to make the bridge direct 
reading. Since the capacitance and conduct- 


Y x = Gy + 
Cy =KCs 
Gx =KGs 


Fig. 2—The combined capacitance and in- 
ductance bridge for carrier frequencies 


March 1945 


Rec 
fe} B 
a 2x7 
Cc Ly 
x Rx =KGs B Rac 
K = Rec Rap 
x Cc 
OSC.K > DETECTOR D 
Y 
D 7 K = Ra 
Gs 6/Rac 
= Yx 
0,” 
ry 
X2 


ance standards necessarily have some resid- 
ual value with all dials set on a minimum, 
this residual has been increased to make it 
exactly equal to o.oo1pf, and 1 micromho, 
respectively. The zero positions of these 
dials are then marked | instead of 0, and all 
other positions are marked correspondingly 
high, and thus the dial markings run from 1 
to II instead of from o to 10. With this pro- 
vision the bridge is direct reading for all 
impedances with a resistance component 
greater than 0.01 ohm and an inductance 
component greater than Io microhenrys. 
For measuring smaller values of impedance, 
or when it is desired to correct for the im- 
pedance of the test leads for any value of 
measured impedance, it is necessary to con- 
nect in a zero impedance compensator by 
operating the lower left-hand dial, and then 
to take two readings: one with the test 
leads connected to the unknown, and one 
with the test leads short-circuited. The cor- 
rect net impedance of the unknown is then 
the difference of these two readings. 

In measuring the inductance of ferro- 
magnetic apparatus, it is usually found that 
the effective impedance depends upon the 
power level to which the apparatus is sub- 
jected. To permit measurements to be made 


THe AvutHor: H. T. joined the 
electrical measurements group of the Labora- 
tories in 1922. In 
1924 he left to com- 
plete his studies at 
the Cooper Union In- 
stitute of Technology. 
After graduation in 
1927 with a B.S. in 
Electrical Engineer- 
ing, he resumed work 
with his former group. 
He has been engaged 
in the design of meas- 
urement apparatus 
including impedance 
bridges and standards, and in the development 
of test methods used by the Western Electric 
Company. In 1936 he received the E.E. degree 
from Cooper Union. More recently his work has 
been concerned with measurement problems 
arising in a number of war projects. 


under service conditions, either with or 
without superimposed direct current,* this 
resistance and inductance bridge has been 
designed for test potentials up to 300 volts 
and tests currents up to 2 amperes. 


As shown in the photograph at the head 


*Recorp, December, 1935, p. 131. 
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Fig. 3—Circuit of the W-10137 audio-frequency combined bridge showing shielding 
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of this article, the carrier-frequency bridge 
is almost identical in appearance with the 
audio-frequency bridge. It covers the fre- 
quency range from 200 to 150,000 cycles and 
differs from the audio-frequency bridge prin- 
cipally in the detector transformers, and in 
the capacitance and conductance standards. 
The carrier capacitance decade steps are 
one-tenth those of the audio bridge, and the 
carrier conductance decade steps are 10 
times those of the audio bridge. It is de- 
signed for test potentials up to 100 volts and 
currents up to 0.2 ampere. A greater assort- 
ment of zero-impedance compensators Is 
provided to permit zero balances to be made 
for all measurements. 

The accuracy of measurement for both 
audio and carrier bridges is of the order of 
0.25 per cent for the major component of the 
impedance, and a slightly wider limit of ac- 
curacy, depending on the Q, is attained for 
the minor component. 

Without changing its size or general ap- 
pearance, it was possible by the addition of a 
few circuit elements to 


units—the upper set being used for capaci- 
tance measurements and the lower for in- 
ductance. The change is accomplished by the 
range dial, which has one set of markings for 
use in inductance measurements and an- 
other for use in capacitance measurements. 
The zero-balance dial, at the lower left, 
also has two sets of markings, one switches 
an impedance in series with xiXe, and the 
— shunts a capacitance across them. 

With such a wide range of impedance and 
frequency, these bridges require rather 
elaborate shielding. A circuit for the com- 
bined bridge indicating this shielding is 
shown in Figure 3. Switches marked sp are 
controlled by the range dial, while those 
marked sz, by the zero-balance dial. 

All of these bridges are mounted on a 
14-in. x Ig-in. panel and project 8 in. back 
of the panel. Figure 4 indicates graphically 
the size of the new bridges relative to 
typical previous ones. The new bridges use 
a cathode-ray null detector which is de- 
scribed in the next article. 


adapt this bridge to 
measurements of ca- 
pacitance as well as of 
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inductance. Such a 
bridge was therefore de- 
veloped and is shown 
in Figure 2. It, also, is 
available in both the 
audio-frequency and 

carrier-frequency 
range. Inductances are 


SUPERPOSED 


AUDIO- FREQUENCY 
INDUCTANCE BRIDGE 


(INCLUDING VOLTAGE CONTROL 
AND AUDIO AMPLIFIER) 


200 TO 4000 CYCLES 


measured exactly as 


with the bridge de- 


scribed above, but for 
capacitance measure- 
ments, the circuit is 


SUPERPOSED OWEN BRIDGE 


0-10 HENRYS, 0-100,000 OHMS, 200 TO 4000 CYCLES 


0-92788 


changed to a ratio-arm 


comparison bridge.* 
Since for both types of 
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measurements the 
standards are capaci- 
tance and conductance, 
the same two sets of 
four dials are used for 
all measurements, but 
the indicator plates are 
marked with two sets of 
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*Recorp, June, 1938, p. 
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1928 0-1000 HENRYS, O-! OHMS, 20 TO 200 CYCLES 


Fig. 4—Size comparison of 
the new and previous bridges 
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A Cathode-Ray Bridge Detector 


By E. H. EVELAND 


Transmission Measurements 


N DESIGNING the wide-range im- 
pedance bridge described in the pre- 
ceding article, it was found that no de- 
tector was available that would operate 
over the wide range of frequency and give 
the high sensitivity needed, and still be 
suitable for use in manufacturing plants 
where size, ruggedness and easy manipula- 
tion are of prime importance. After a study 
of the various needs and requirements, it 
was decided’ to employ a cathode-ray de- 
tector, which has certain advantages where 
many similar units must be tested. It was 
decided also to incorporate an additional 
amplifier and detector tube connected to a 
meter jack to provide for situations where 
it might be desired to use a meter indication. 
To conform to the bridge design, two de- 
tectors were made: one for the audio range 
and one for the carrier range. These detectors 
are designated as D-169459 and D-170369, 
respectively. 

With an a-c bridge, the signal delivered to 
the detector will in general contain a number 
of components in addition to the funda- 
mental frequency of the oscillator. These 
may be harmonic frequencies of the oscil- 


lator, harmonics generated by the non-linear 
characteristics of the unknown, and noise 
picked up or generated by the system. The 
oscillator fundamental is balanced out by 
the bridge, but if a good null detection is to 
be obtained, provision must be made for 
eliminating or greatly decreasing the unde- 
sirable components. This has generally been 
accomplished by the use of filters, but with 
the wide frequency range required by the 
new detector, filters would be bulky and 
expensive. To avoid their use, therefore, 
feedback amplifiers are employed in the 
detector to reduce all components but the 
oscillator fundamental. 

The circuit employed for the new de- 
tector is shown in block form in Figure 1, 
and in simplified schematic form in Figure 2. 
A buffer amplifier that receives the output 
from the bridge has sufficient feedback to 
prevent cross modulation of the harmonics 
that would generate the oscillator frequency 
as a component in its output. From this 
amplifier the signal passes through a three- 
stage amplifier with selective feedback that 
gives at least 40 db greater gain for the 
fundamental than for any other component 
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Fig. 1—Block diagram of the cathode-ray detector 
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present. From this feedback amplifier, the 
signal passes to a single-stage amplifier with 
automatic volume control, and thence to the 
vertical plates of the cathode-ray tube. A 
connection is also carried from the auto- 
matic volume controlled amplifier to an- 
other amplifier and a detector to supply an 
indicating meter when one is to be used in- 
stead of the cathode-ray tube. 

To supply the horizontal plates of the 
cathode-ray tube, signal from the oscillator 
is first passed through an inverter to change 
the unbalanced output of the oscillator to 
the balanced input required by the cathode- 
ray tube. The output of the inverter is then 
carried through a phase-shifting network, 


Bt 


and thence through an amplifier to the 
horizontal plates of the cathode-ray tube. 
The network permits the phase of the volt- 
age applied to the horizontal plates to be 
shifted relative to that applied to the vertical 
plates so that an ellipse is obtained on the 
cathode-ray tube. The use of automatic 
volume control avoids the need of fre- 
quently adjusting the detector gain as the 
bridge is being balanced. It greatly expe- 
dites the work when not even the approxi- 
mate value of the coil under test is known. 

While the bridge is unbalanced, the image 
on the cathode-ray tube will be an ellipse 
with the shorter axis proportional to the 
resistance unbalance, and with the angle 


BRIDGE IN 


Fig. 2—Simplified circuit schematic of the detector 
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between the longer axis and the horizontal 
axis of the tube proportional to the induc- 
tance unbalance as indicated in Figure 3. 
The size of the angle made by the longer 
axis of the ellipse indicates the amount of the 
unbalance, while the direction of unbalance 
is indicated by this angle’s being above or 
below the horizontal. At balance, the ellipse 
collapses to a horizontal line. 

Both the feedback circuit of the three- 
stage amplifier and the phase-shifting net- 
work have to be adjusted for the frequency 
used. For this purpose, a nine-position dial 
is provided that adjusts condensers in both 
circuits for one of nine bands within the 
frequency range of the detector. Within 
each band, accurate tuning of the feedback 
circuit is accomplished by a tuning dial that 
adjusts resistances in the network. Similar 
adjustment of the phase-shifting network is 
made by a phase dial. These three dials 
occupy the center of the detector panel as 
shown in Figure 4. Directly below the tuning 
dial is the end of the cathode-ray tube on 
which the elliptical images are formed. On 
either side of the tube are the controls for 
adjusting the operation of the tube itself. 

One of the purposes in designing the new 
detector was to permit rapid tests to be made 
of large numbers of similar coils at the 
manufacturing plant. These coils have nomi- 
nal values of inductance and resistance that 
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C.R. HORIZONTAL 
AXIS 


c.R. VERTICAL 


Fig. 3—The amount and direction of unbalance is indicated 
by the orientation and shape of the ellipse on the cathode-ray 
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they must meet within certain limits to be 
acceptable. To make it possible to deter- 
mine quickly whether or not the coils meet 
their requirements, a thin cellulose acetate 
plate marked with limiting lines is placed 
over the end of the cathode-ray tube. When 
such an overlay is used, the bridge dials are 
set to the nominal values of inductance and 
resistance of the coils. Coils are then con- 
nected to the bridge, one after another, and 
if the ellipses appearing on the tube lie 
within the acceptance values as indicated, 
the coils are accepted. Ordinarily, the re- 
sistance values are well within 
the required limits and the 
coils may be judged by their 
inductance alone. Should it be 
desired to determine precisely 
the variation of the resistance 
component, the phase control 
dial may be adjusted so that 
resistance variations are indi- 
cated by angle in the same 
manner as the inductance var- 
lations normally are. 

To extend the usefulness of 
the detector, it is arranged so 
that the output of a frequency 
standard, instead of the oscil- 
lator, may be supplied to the 
horizontal plates. The switch 
near the upper right corner is 
provided for this purpose. The 
bridge oscillator may then be 
accurately adjusted to the de- 
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sired test frequency by Lissajous figures* on 
the cathode-ray tube. 

As evident in Figure 4, the mounting 
plate of the detector is the same width as 
the bridge. Its height is 10% inches and it 
projects 13 inches to the rear of the panel. 
The two detectors available are similar in 


*Recorp, April, 1926, p. $7. 


appearance and circuit arrangement, but 
one covers the frequency range from 20 to 
20,000 cycles and the other, from 200 to 
200,000 cycles. Twenty of these bridge- 
detector units are now in use testing coils 
in the various manufacturing plants of the 
Western Electric Company. 


Fig. 4—The detector is designed to mount directly above the 
bridge at a height that will locate the cathode-ray tube on the 
level of the eye 
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Sometimes There’s Quite a Crowd 


Maybe you don’t realize it, because so many 
Long Distance calls go through so promptly. 


But sometimes, in some places, there’s an 
extra heavy rush and all available circuits are 
in use and people are waiting. 


Then the operator will make this wartime sug- 
gestion—‘‘Please limit your call to 5 minutes.’’ 


BELL TELEPHONE SYSTEM ON; 
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Life With Naphthalene 
Crystal Doughnuts 

No Louder, Please! 
Wire Chief’s Nightmare 
Front-Line Pentode 


Distinguished Guests 
Gardens for Victory 


Wire Facilities for FM 
Broadcasters 


Small Motions 
A Billion-to-One 
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